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PREFACE

Section I provides a summary of the Panel's obgervations

and conclusions on the Space Shuttle Program.

Section 1Y summarizes the information developed during the
Panel's inspection activities since our last report on the
Shuttle program. The criteria for inclusion of information

in this volume is its relevance for a safe and successful
missfon. This section is organized in a manner that points

up the management areas and the individual elements of the
Shuttle system providing a summary of the basic manapement

or design approach including the most obvious limits or
hazards that are significant to crew safety. It also provides
the status of the situation with particular attention to the

current resolution of those harzards,

We hope the report will be of assistance to those in the

Shuttle Program as a checklist to assure that the right questions
continue to be asked at the right time. But the report is also
written for a larper readership to assfst them in understanding

this complex program and {ts more salient details,
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1.0 INTROMCTION

1.1 Purpose

This sectlon, Sccetion II, provides a summary of the information
developed during our inspection activities and in a detailed review
of documentation used in the Space Shuttle program. Its intent is
to provide the reader with an idea of the data examined by the Paael
and a description of the program at this time, Another purpose is to
provide specific background information and supporting details to
augment the data provided in "Section 1 - Panel's Observations and
Conclusions." 1In addition this material will be utilized by the Panel
in turther reviews during the coming vear as a baseline and reference
manual.

1.2 Scope

The structure of this volume follows the basic organization of
Section T. It extends the coverape ol the Shuttle elements to include
those spevific subsystems considered critical to crew safety., This
volume also discussces such technical mamasement areas as systems
intepration test program planning. 1t also covers such specific crew
safety arcas as the Orbiter Thermal Protection System, satety and re-
Habilicy cirorts on so-called  secondary structure, and lightning
protection,  Such o compilation of data is necessarily a compro-
mise between detail and brevity and this accounts for the numerous

Fiyares and tables used in this volume,
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2.0 SHUTTLE PROGRAM MANAGEMENT
e S MANAGEMIENT

2.1 Technical Management System

A management overview was provided in the Panel's annual report
dated March 1974, The material provided at that time 4s atill valid
and need not be repeated here. Our emphasis has been on those aspects
of technical management that support and control Shuttle requirements
and design, hazard identification, resolution or acceptance of risks,
and the safety implications of test Planning. With this in mind the
Panel focused on the following speciiic areas: (1) the review system
to establish and assure implementation of design requirements and
concepts, (2) management of the development of the Orbiter Thermal
Protection System and Space Shuttle Main Engine Electronic Controller, (3)
integration management applied to the element interfaces and the risk
management itself, and (4) special management approaches developed to
meet special program necds. To maintain the brevity of this report only
the key data developed by the Panel are presented here.
2.1.1 Orbiter Thermal Protection System

Management of the Orbiter Thermal Protection System (TPS) within
the total Shuttle system framework must account for the many tech-
nical and scientific disciplines and interfaces which affect the re-
quirements, design, fabrication and verification of the operational
hardwarc., The disciplines and Interfaces, or elements, of TPS manage-

ment include the following:




o Diaciplines
o Aerodynamics ind Flight Mechanics
o ileat Transfer and Fluid Mechanics
o Structural Jesign
o Macerials
o Structural Dynamics
o Testing and Environmental Simulation

¢ Interfaces

o Structures o Cround Support Equipment
o Mission Design o Prime and Subcontractors
o Mechanical Systems o NASA Element Organizations

o Thermal Control Systems ©O Flight/Ground Test O.fices

o Propulsion Systems o Flight Operations
Thus development of the TPS requires a multi-Ffaceted NASA/Contractor
management and technical organization. The TPS, as a part of the
Orbiter, falls under the direction of JSC in the manner shown in
Figure 1, "JSC TPS Manapement Organization" and in Figure 2, "JSC TP3
Management Organization Detail.” Overall management is under the
direction and control of the Orbiter Project Manageyr (Level 11I)
through the Orbiter Enpineering Oftice. Day~to=-day technical manage-
ment is through two divisions of the Engineering and Development
Direclorite - Fnpluecering and Analysis Division and the Structure

and Mechanics Division.
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All of these operations are integrated and directed by the TPS
Manager who i8 within the Structures and Mechanics Division of the
Engineering and Development Directorate. The prime contractor for the
TPS is the Rockwell International Corporation who also is the prime
contractor for the Orbiter vehicle. Rockwell International has, in
turn, subcontracted the development and production of the TPS tiles
to the Lockheed Missiles and Space Company, Space Systems Division at
Sunnyvale, California. NASA has, at the same time, arranged with
their owm Ames Research Center and Langley Research Center for tech-
nical support.

The NASA roles in TPS development are shown below:

o Johnson Space Center
0 Requirements definition
o Management of the Prime Contractor
0 Integration of Technology
o Testing and Assessment of the System
0 Overall Test Program Management
0 Test Facility Development
o Ames Research Center and Langley Research Center

o Development of New Technology (including Material

Characterization)
o Development of Test bacility
0 Technical Review and Consultation

0 Testing and Evaluation




The Contractor reles have been described as followa:
o  Rockwell International

o Design of the TPS high eand low temperature systems

o Conduct of all thermosatructurul enalyses on Orbiter

0 Perform TPS subsystem qualification testing

o Provide detail drawings and other required documentation
(pcocurement specification defining performance re-
quirements, statement of work defining tasks, de-
{ine quantity and schedule, and subcontractor change
notices)

o Administer Subcontractor and materials procurement

o Conduct of periodi. reviews to assure proper conduct
of TPS program

0 Define and implement installation and maintenance
operations, including refurbishment and replacement
at launch site

¢  Lockheed Missiles and Space Co.

o Develop and optimize coated tiles

0 Frovide material property data on tiles and coating

0 Demonstrate compatibility between tiles and coating

o Fabricate, acceptance test and deliver subsystem elements

The Preliminary esicn Reviews conducted to date on Orbiters 101

ik 102 and the Space Shuttle System have not fully covered the
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Orbiter TPS, A detalled review is expected in mid-year 1975 to asseas
whether the TPS design and implementation meets Shuttle requirements.,
2.1.2 Space Shuttle Main Engine Controller

The SSME Controller for each engine in conjunction with the
flight control system monitors and controls the three Main Engines
during the ascent portion of the Shuttle mission. The Controller
also develops data on engine parameters that are used during the
ground servicing cycle. The Controller depends on comparatively new
technology and has a varied development history starting with the
Viking program. As the result a management system has had to be
developed commensurate with the technical disciplines, Shuttle inter-
faces, product quality assurance requirements and attendant management
visibility needcd to mect the demands placed upon this critical sub-
system,

Marshall Space Flight Center (MSFC) is responsible for the de-
8ign and development of the Space Shuttle Main Engine. The Rocketdyne
Division of the Rockwell International Corporation is the prime con-
tractor for the SSME and they in turn have a subcontract with Honeywell
Inc. for the design, fabrication, and validation of the SSME-Controller.

To summarize briefly, management and hardware development history
of the Controller has not been a smooth road. Approach to the de-
sign itself was not conventional and therefore a large history/data

base did not exist. As a matter of fact the packaging concept and
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uae ol plated-wive meanry contributed a great deal to the initial
management and technical problema. ‘The challenge was to develop a
manapement team and establish a management system (o assure an effective
approach to development and producibility and to control and regolve
problems on a timely basis.

Through the diligent efforts of NASA, the Rocketdyne Division
ol Rockwell Tnternational and the ioneywell, Inc. organizations, the
§5Mi-Controller program now appears to be 'on the track' at this time,
and the management and general controller activities are sald to be
“¢racking close to plan, with encouraging results.”

During this period of the Controller's evolution, the Panel
coentered on the following three questions:

(a) llave the management lessons learned on Viking been
systematically reviewed and the appropriate ones incorporated in the
management system for the shuttle SSME Controller? This was based on
the continuiny emphasis by NASA's scnior management, as well as the
Panel, that lessons learned trom prior programs be applied to on-goinyg
proprams as appropriate,

(b) Will the plated-wire memory concept support the re=
quirements and schedule of the SSME and Shuttle program? This was
based on the knowledpe that such technologpy represented a new and
¢ ssentially high-risk techrology.

(¢) MBased on the past history of computer development pro-




grams aad the known schedule and cost problems that had arisen on
this program, what arce the fundamental challenges and ability of
the NASA/Contractor team to resolve them in an orderly and timely
fashion?

dpecific comments on these areas examined by the Panel are pro-
vided below and support the previous statements concerning the SSME-
Controller status at this time.

While the Panel found no single reporting format available which
systematically stated the significant lessons and their disposition
on the Shuttlc program, the ioneywell Program Manager had his staff
review the minutes and audits from the numerous Viking reviews and
identify specific actions that could impact their operations on
Shuttle. They then documented why those problems would not cccur on
their Shuttle project. To further enhance the management control of
the program, the Program Manager defined a detailed work breakdown
system and negotiated work/budge: contracts with each major component
supervisor. A problem control and resolution system was establisied
which assigns action officers to each problem and monitors the solution
as well as its timeliness, Additional technical and middle level
supervision wes added to the project. These people were drawn from
the Martin Marietta Company and the Collins Radio Company.

pased on the Panel's experience with Apollo and Skylab, the con-

Iiguration management system appears suificiently disciplined for con-




frol of enginecering and Lest drawinga, speciiicatlons, rabrleal lon
procedures, and makeckal proeessing, praduction Ls essentially a
mmumlluﬂqurprmwMﬁau‘rm-lwndh Poal contral and special tools
{o support the manufacture and test of the components have heen im-
proved and developed where such support in needed,  standird process
fnstruet fons and detailed fabrication Layouts have been developed
{rom Viking experience and with the help of MSKC to Lradn ond certily
shuttle persomel, An important lesson from Viking is the significance
ol anticipating production problems, Thus Honeywell established a
detafled categorization of production errors so trends and corrective
action can be fdentiried early. All of these improvements have re-
sulted in a higher depree ol quality control and we ko nsh Lp .

The plated-wire memory design, fabrication and valiJdation proceis
as deseribed to the Panel indicates (1) there is adequate experience
to dace with the development of the platedswire memory to warrant con-
fidence at Lhis time, (2) there does not appear to be a clear under~
stamding of the 1undamental physics associated with his Lype ¢t com-
pouent to assure that surprises would be anticipated and a timely coursc
of resolution decided upon and implemented, and (3) if additional
developuent surprises did ocrur, they probably could be solved by
(rial and error piven suiticient time but that such surprises would
probably impact the current tight schedule lor the early pre-production

contrullers as well as costs,




The accomplishments of the SSME-Controller team during the past

year have been significant but much has yet to be done. Close monitoring

by NASA/Contractor team must be continued to assure on-time delivery
of properly operating units to support the SSME engine test program
and other major orbiter/system tests prior to the first orbital test
flight.

Two significant problems remain at this time - Master Inter-
connect Board wire routing/shielding in the memory area in which noise
is being coupled into the memory sense lines due to wire routing and
inadequate shielding and intermittent parity errors. These problems
are discussed in more detail in later sections of this report.

Technical mancgement of the SSME-Controller software had some
of the same problems as found in the Controller hardware program.
Verification testing revealed numerous errors. As a result an assess-
ment team, composed of non-Shuttle scgments of the Honeywell organi-
zation, Rocketdyne, and NASA personnel was instituted. The following
actions were taken as a result of the team's review:

(a) Software efforts were strengthened by adding technical
personnel at Honeywell along with organizational changes «t both
Rocketdyne and Honeywell.

(b) Software was simplified and deliveries were phased to
meet minimum Integrated System Test Bed (ISTB) test program needs.

(¢) Technical managemenr changes were made so that software

10
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L debupped prior to release for verification runs. Daily schedules
and audits are uwaed to assurce knowledgeable management control, '"Mem-
ory scrub groups" at Honeywell and Rocketdyne have been established to
update and assure software compatibility. Such changes have enhanced
the Honeywell planning efforts and contribute to a proper balance be-
tween those personnel developing the software itself and those doing

the software verification.

2.1.2 Integration Management

One key to the proper allocation ol resources to the total Space
Shuttle program 1s the adequacy of the Space Shuttle element inte-
pration effort, This is an activity conducted by the JSC program
office with the direct support of the Rockwell International Corpor-
ation, Spacc Division., All other NASA Centers and Prime Contractors
involved in the Shuttle propram countribute as appropriate. The ultimace
responsibility tor integrating the total Shuttle program is NASA's, but
much ot the crucial work to assure the success of this effort i{s accom-
plished by the System Contractor, Rockwell International. Consequently,
the Panel asked (1) what are roles of each, (2) what tasks are being done
by cach and what work areas are not receiving sutficient emphasis, (3)
are there congruent expectations amony the many clements of the program
reyatrding system integration, and (4) what is the degree of communication
amor those involved and management's sensitivity to the problems inherant

in the contining intepracion etrore?
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in its Annual Report for 1973 the Panel discussed this area and
received a reasponse as shown in Section 7.3 of this volume. This
dealt with the results of Rockwell's effort to separate their inte-
gration task from the Orbiter task, and with the increase in tasks
assigned to Rockwell International as the "System Contractor,"
2.1.3.,1 NASA

The Space Shuttle pvogram organization centers its integration
effort in the Systems Integration Office within the Space Shuttle
Program Manager's office at JSC. This is the Level II operation and
{s also the "lead center" on the program. The responsibilities of
this Systems Integration Office are:

(a) Review, control and manage the systems integration
activities for the Shuttle program.

(b) Manage the design, development, test and engineering
for the Shuttle carrier aircraft project.

The f{unctions carried out by this office are shown in Table 1.
"Netailed Program Inter-relationships' are spelled out in the current
{ssue of Volume II of the JSC 07700 lLevel II program definition and
requirements documents.

The JSC Systems Integration Ofiice has on-site representatives
from Marshall Space Flight Center, Office of Acronautics and Space
Technology (NASA Headquarters), JSC's Enpinecring and Development

Division, shuttle Carrier Adreraft Project Oftice, and the Kennedy

12




Spacc Center. There are three major sub-groups in this office -~ Systems
Engineering, Technical Integration, and Test and Ground Operations.
These functions at JSC are staffea by approximately 100 Civil Service
people (35 JSC program office, 15 co-located from KSC and MSFC, 50 En-
gineering and Development).

The necessary coordination in support of the specific tasks to
achieve true Shuttle system integration uses many of the methods
developed on Apollo and Skylab programs. Informal and formal channels
are used freely, but controlled by the program and element project
managers. The more formalized review system is a definite part of
the integration effort as always and is discussed in a later section
of this report.

Of particular significance are the more than 30 formalized panels
and working groups working on a day-to-day basis. They encompass all
programmatic areas and are composed of NASA, contractor, and USAF
personnel. The Panels are established as a continuous entity to cover
specific technical and technical management regimes. Working groups
are established to mer. a specific technical task that requires timely
resolution and which is terminated once that problem is resolved. A
1ist of the Pancls and Working Groups is provided in Table II.

Areas of coordination/integration, that fall between the Panel
type operation and the review system, are tie System Integration Re-

views (§1R's) and the Computer dvstem Integration Reviews (CSIR'8).
p y
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Their purpose is to review, control, and manage the aystems inte-
gration activities. These activities include (1) integration con=-
tractor system tasks, (2} element contractor system tasks, and

(3) NASA system tasks which are conducted at both Headquarters and
Centers.,

Approximately every three weeks this group meets, basically
through tele-conference methods, to take up the many systems’ problems
gliven to them for their resolution. As stated at a recent Preliminary
Design Review ... "Where more clout is needed to achieve resolution of
baseline data it goes to the Systems Integration Review Panel (SIR)."
Here is an example of the material handled by the SIR. A question was
raised during the Shuttle Systems Preliminary Design Review (March 1975)
concerning the lack of data to assure that the proper hardware and
proper facilities are available to conduct development and verification
of the ascent flight control system. Rockwell was directed to prepare
a4 presentation to SIR with recommendations on meeting the required depth
of documentation in the Master Verificati-. Plan, "olume II - "Combined
Elements Verification - Ascent Flight Coutrol."

Another example of integrated technical management is shown in
the KSC/MSFC "Memorandum of Understanding For Shuttle External Tank
and Solid Rocket Booster Support E juipment." This document is in-
cluded in Section 7.4 of this volume.

2.1.3.2 3Syatem Contractor

14




gyatem Integration and Shuttle Orbiter efforts are both conducted

under the same NASA contract number. However, separate cost, budgat, |
schedules, and work authorizations are used. Both the Shuttle Orbiter
and Shuttle System Integration Program Managers (they are Rockwell
International Space Division Vice-Presidents) report to the Space
Division President; thus both have equal stature and authority, The
System Contractor's role, as described to the Panel, is quite broad.
It is spread over four increments of time:

(a) Initial increment covers the period during which basic
requirements must be adequately defined and the design approach mature
enough to proceed with detailed design, i.e., through completion of the |
Shuttle System Preliminary Design Review.

(b) Record period proceeds from the end of the above in-
crement through the Critical Design Review and the completion of the
design, development, test and engineering effort. This increment
extends through the first year or so of flight to assure that the
Shuttle avstem is safe, reliable, and capable of meeting the oper-
ational missions.

(¢) Third increment includes production and upgrade/retrofit
of vehicles for operational use,

(d) Fourth increment is the operational phase.

Rockwell International has the equivalent of approximately 420

persons on their system integration effort. There are some 8 dedicated
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full=-time staff people in the Shuttle Integration Office and 35 per-
sons located on the staff of the Vice-President for Engineering
(functional support) dedicated to the integration effort. The re-
maining personnel are putting effort into integration ar required
along with their basic work on the Shuttle Orbiter contract. On the
whole, then, personnel are essentially borrowed from functional
organizactions as required. Rockwell supports JSC, Level II, oper-
ations in many areas as shown by task assignments in Table III.
Some of the more significant areas being worked on include

integrated vehicle analyses such as:

(a) Induced environment definition

(b) Ascent performance optimization

{¢) POGO test and analysis

(d) Element separation requirements

{e) Ice-frost prevention

(f) EMC/Lightning protection analysis and requirements

{g) Sneak circuit analysis

(h) They also work on the integrated schematics which pro-
vide end-to-end visibility of the functional relationships of all
components in a system, and as such provide evidence of integration
of all subsystems, e.g. electrical, electronic, fluid, mechanical,

etc.

An area of particular interest to the Panel was the system safety

16




activities conducted by the Syatem Contractor, These include safety
requirementa, program/project reviews, system-level trades, system-
level hazard analyses, and test/operations safety, One of the many
examples of their work provided to the Panel was the development of

a fire/toxicity protection plan and its application across tha
Shuttle program, The single source document for the Orbiter is

SD 74-8SH-0223, It was prepared for the designer to use as the medium
for achievement of fire/toxicity safety. This document was forwarded
to the other element contractors as an example of inputa requested
for development of total Shuttle requirements.

Baged on the material presented and the discussions conducted
during the period of examination, it appears to the Panel that the
Rockwell International Space Division has more of a support role to
JSC than an independent system Integration role, Rockwell International
is satisfied with this role. This is not unlike ihe experience of the
Integration Contractor on the Skylab program some years back. On the
whole this resulted in an operational mode where the contractor had the
opportunity to effectively highlight integration problems but not the
responsibility of controlling the activities of other contracters,
There haa been an obvious effort to separate the Integration and Orbiter
elforts at Rockwell International and yet retain the valuable abilities
being applied to the Orbiter for use on the integration effort. Ad-

vantages are as obvious as the drawbacks e.g., assurance of a knowledge=
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able but independent check and balance. There appears to be ne real
problems in making this arrangement work to the advantage of the total
program, but sustained attention should be paid to making sure chat

it does so,

2.1.4 Special Management Items

In any program of this size there are bound to be exceptions to
the rule in management techniquzs because of exceptional conditions
of one kind or another. The Solid Rocket Booster project differs from
the other Shuttle elements in that MSFC itself is the prime contractor
rather than an industrial contractor. Marshall has contracted for the
Solid Rocket Motor (SRM) with the Thiokol Corporation (Wasatch Division)
while maintaining its in-house responsibilities for the design of the
total SRB and the assembly of the total SRB. The major question asked
by the Panel with regard to the technical management ¢f the Solid Rocket
Booster was "Where would the check and balance function come from that
normally exists between NASA Centers and their prime contractors?"

The SRB Project Manager is responsible to the MSFC Shuttle Projects
Manager and is subject to the Level II integration controls exerted by
JSC as the overall Shuttle manager. Program requirement documents and
reportiang systems are placed upon the SRB organization just as they
are on any prime contractor except that NASA does not have the inter-
mediate step of contracting documentation. On the whole there appears

to be at least as great a control and checks and balances on the SRB

18




effort conducted by Marshall as on any other Shuttle element. This
is supported by the existence of a special SRB Review 0ffice within
the JSC Program Office and the strict adherence to configuration
management aystems by the MSFC personnel.

The NASA Shuttle Organization conducted a Program Requirements
Review during the latter part of 1974 designed to realign the Shuttle
program with the available budgets and desired scheduling of activ-
{ties to meet the needs of the design, development, test and evalu-
ation program, The events in this activity included:

(a) Definition of possible candidates to be delayed,
modified, consolidated or deleted. Candidate items involved pro-
duction, spares, ground support equipment, facilities, test program,
operational program, technical management details, training and
simulation work.

(b) Thorough review of all the possibilities and their
impacts and value (cost effectiveness)., These deemed most worth=-
while were presented to NASA Management and they decided whether
to accept, reject, or hold these possibilities open for later review.

Twenty-eight items were selected and are being implemented. The
Panel's interest centered on any safety impacts caused by these pro-
gram changes. Typical of the Panel's concern were in (1) deletion
of the runway barrier at KSC, (2) the large number of adjustments

made to the test program (about 39% of the total) particularly those
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dealing with vibration and structural teating, and (3) reduction
in ground support equipment particularly at the flight test aites,

Program management hag assured the Panel that each change re-
ceived will continue to receive a safety review to ascertain any
adverse impacts and to bring them to the attention of the pProgram
management. The Panel intends to continue to examine this area to
dssure compliance with NASA Shuttle Management's intent,

The Orbiter/System Integration contractor's organization in-
cludes a staff member covering the Shuttle/USAF B-1 Interface. He
reports directly to the President of Rockwell's Space Division. Thig
coverage is useful to both the Shuttle and B-1 programs because of the

trangfer of both technological and management know-how. As ap example,

the basic landing gear system design for the Orbiter takes advantage of
that developed for the B-1. The Shuttle aft thrust structure is
made of titanium/boron €poxy reinforcement and the payload doors use

graphite epoxy honeycomb. These are extensions of the B-1 develop-

ments.

2.2 Organization

The previous Pape] Annual Report described the organization and
general management s8ystem which has not changed to any great degree
since then. Significant changes have been noted in Section 2.1.2

"Space Shuttle Main Engine Controller." Personnel changes were made at

the Rocketdyne Division. As noted in Section 2.1.4 "Special Management

20




Items" during the DDT&E phase of the Shuttle program, the Marshall
Space rlight Center has been assigned the reaponsibilicy for the
integration management of the SRH. It is planned te contract-out
for the oRB assembly contractor in Fiscal Year 1977. This asgembly
contractor will then have the prime contractor's role and responai-
bilities for the total assembly of the SRB., It is expected that
this contractor will be located as near as practical to the launch
site operationul base,

The contractor team is being augmented as required to meet the
maturing design and fabrication posture of the thuttle elements. The
principal contractors and subcontractors are tisted in Section 7. 5
of this volume.

The Panel visited NASA Centers and 4 number of contractors dur-
ing the period since the last Panel report and for the first time
examined the KSC role in the Shuttle program. Because the KSC role
for Shuttle differs from that on Apollo, Skylab, ASTP and unmanned
space systems, it is discussed here. On previous programs KSC re-
ceived, assembled, checked out and launched the vehicles by providing
basic facilities and support equipment such as the Vehicle Assembly
Building, launch control center, launch pads, checkout areas, and
launch support ground equipment such as the propellant loading systems,
gas systems and envirommental control systems. The KSC role in Shuttle

18 more complex.

21
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KS8C has responaibilities for receiving inapection and control,
assembly, checkout, and launch on Shuttle as on previous programas,
However, in addition rhey will have reaponsibility for recovery and
retrieval operations for the Orbiter and the Solid Rocket Booaters,
This is completely new.

Ground operations similar to previous programs include the sus-
taining engineering effort, logistics and maintainabilitv., However,
the "turnaround" operations to prepare the Orbiters for flight is
again completely new.

Basic facilities built for prior manned and unmanned programs
will be used with appropriate modification, 1In addition, the follow-
ing new facilities and associated ground support equipment will be
required: runway and taxi areas, Orbiter Processing Facility, a
highly automated launch processing system to preclude :rrors and
speed up the turnaround time, and payload preparation areas.

KSC will also provide support to the NASA Flight Research Center
and later on to the Air Force's Western Test Range operation.

As presented to the Panel at the time of its inspection trip to
KSC, the KSC Shuttle organization has been fully defined to meet known
program requirements and the management control systems have been
developed and arc being implemented, KSC manages its Shuttle work
force through manpower work packages which identif{y discreet work

activities in terms of product and required manpower. These serve as
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contracta between operating ulumvntn, project managers aed che Center
management ,

The many organizations Involved in the desipn, development.,
fabrication, and testing of the Shuttle elements and the combined
system appear to be in place and mumned in o manner commensurate
with the cost, schedule and performance requirements and expectations,
Those changes in organization necessilated by program maturity and
directed changes will be vxamined as required to assure that there
is no detrimental impact on ground and [14ght safety.

2.3 Review System

The Shuttle program review system is a dircct descendent of those
systems used on Apollo, Skylab .ad ASTP programs. To hold down costs
there is an increasing use of the teleconference method of conduct-
ing meetings and reviews,

In reality the Shuttle program review is a continuous proccas
occeurting on a daily, weckly and monthly basis at all levels of the
program from the drafting boards to the program management, Period-
ically a major management control function is inserted into the system
in the form of a detailed  formalized review. These provide a means
of determining program progress, problems, problem resolution, and
approving the current propram posture as a souad basis for continuing
to the next program milestonc.

The review system can be examined from the point of view of the
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total NASA Shuttle Program down through each succeading level of
management and/or hardware. Within the overall review system there
are 8o many different vehicles used to conduct reviews that it is
possible here to examine only those which the Panel has had the most
direct dealings: Systems Requirements Review, Preliminary Design
Raviews, and gpecial reviews., The many other on-going reviews include
the Element Quarterly Technical Reviews, Systems Integration Review
(Panel-SIR), weekly and biweekly configuration control boards at each
level of the program (some of these are referred to as the CCB, PRCB,
etc.), and Orbiter Management Review (OMR). These illustrate the de-
tailed management oriented review system,

As noted above the Panel's ma jor interest was associated with
those program activities that assure that requirements are properly
implemented and that the hardware/software is certified as having
been designed and built to the correct and safest possible configuration.

Background on these reviews follows:

(2) Purpose of the Program Requirements Review (PRR) was
to review and define in detail the management techniques, procedures,
agreements, etc. to be utilized by all the Shuttle program participants
and the program technical requirements. This review was completed
in November 1972.

(b} The System Requirements Review (SRR) updated the pro-

gram and system requirements to be utilized by the contractors. Such
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requirements were documented as the NASA Level II baseline and placed
under configuration change control. Prior to the SRR the Interface
Control Nocumentation (ICD) responsibilities were defined as were
the schedules for ICP completion to support the program. This review
wig completed in August 1973,
(¢) Preliminary Design Reviews (PDR) covered individual

Shuttle program clements as well as the overatll system. These are
technical reviews of the basic design approach Lo assure compatibility
with the technical requirements and the producibility of the design
approach. The PDR's result in the appropriate authorization to the
contractor and in-house orpani:zations to proceed with further design
in accordance with the revicwed design approach, interface require-
ments, commonality items, cte., and approval or update of the Level III
baseline documentation, The depth ot these reviews can be decerned
trom the "Space Shuttle Systoms Preliminary Desipgn Review Plan" in-

- cluded in Seevior 7.0 of (this report.  These roviews were completed

a8 tollows:

o Space Shattle Approach and Landing Test Nov. 1974

o Space Shuttle System Mar, 1975

o Orbiter No, 1 (also called 101) Feb, 1974
. o Orbiter No, 2 (also called 101 Feb, 1975
; o Space Shuttle Main Enpine Sept. 1972
=

0 External tank Sept. 1974




o Solid Rocket Booster Nov. 1974
o Launch Processing System (Scheduled) Aug. 1975
geveral aspects of the Preliminary Deaign Reviews are of interest
because they show the PDR as a real-life, real-vime management control
device as a part of the '"building block” approach used in arriving at
an operational system within budget and schedule. Each Element (Orbiter,
SSMZ, etc.) preliminary Design Revicw was built on @ series of prior
reviews which generally jncluded Project Manager's reviews, weekly meet-
inge and program/project periodic reviews used for visibility and con=
trol of the project. The "building block" approach resulted in the
shuttle Systems PDR being built on the individual Element PDR's.

All these formal reviews utilize the Review Item Disposition (R1D)
activity to point up discrepancies. Thus they are indicative of the
scope of the PDR's as well as the latitude provided to the "working troops®
to have their input known and discussed at management levels. This is
elaborated on in Section 7.6 wherein the review operation is described.
The RID describes significant discrepancies and {nconsistencies as well
as distinct problem areas determined by anyone on the ptoject/program.
The PDR process usually consists of 10 days or twoO weeks of full scale
team reviews of appropriate data and discussions during which RIDS are
written., The RIDS are then provided to & gcreening group, followed
by a pre-board, ending up at the formal board, Crbiter 102 PDR re-

gsulted in 978 RIDS and the Systems PhR produced 1,204 RIDS. Pue Lo
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the large number only the most significant ones could be presented to
the formal board. However, the individual Team Leaders for each of
the approximately twelve teams of the FDR report to the Formal Board
on the team activity and major areas of concern.

There are always some areas which cannot be fully covered during
the PDR due to a lack of information. These areas require and receive
the necessary emphasis to achieve a sufficient degree of technical
and documentary depth so that they may be reviewed within a reasonable
length of time after the PDR.

The Orbiter Thermal Protection Subsystem, Thermal Control Subsystem,
Environmental Control and Life Support Subsystem and Range Safety Avionics
are some subsystems which will be so handled in the August/September 1975
time-frame. In the same vein, lack of definition of the Orbital Flight
Test Program prevented evaluation of the system design against the mission
requirements so that it too will be covered at a late s date.

Material covered and that which has yet to be examined as a part
of the PDR process again shows the need to look at the Shuttle review
system as a continuum which supports the program and project managers'
needs for design/hardware assurance.

AL a later date each of the elements and the system will be sub-
jected to a Critical Design Review (CDR) to determine the compliance
ol the completed desipn with the technical requirements of the NASA

baseline. The CDR should result in authoriration to the contractors
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to proceed with he release of detail design to manufacturing, the

approval of test procedures, and the appropriate revision or update

of the Level III baseline documentation,

begin in the early Spring of 1576,

The Critical Design Reviews




3.0 SHUTTLE PROGRAM ELEMENTS

3,1 Orbiter Project

Because of the large number of Shuttle elements and components,
Panel efforts have been concentrated on those areas which most impact
crew safety and management control of the program elements. The in-
tent in this report is to focus on the subsystems critical to crew
safety and to provide data for an understanding of risk assesaments.

A special section is given over to the Orbiter Thermal Protection
System because the Panel fecls it is one of the most significant
systems which, if not properly and adequately designed, fabricated
and maintained, would pose a real crew hazard as well as a Shuttle
system operational problem.

However, there are differences between the first two Orbiters
which should be identified to understand what follows. The first
Orbiter, Number 101, will initially be configured as a test vehicle
tor the Approach and Landing Test (ALY) rogram. It will then be re-
worked to the opurational configuration. The second Orbiter, Number 102,
will be built in the orbital flight contiguration, Thus there are some
items unique to the 101 and there are other items which appear on 102 for
the first time. Many of these differences result from the needs for
tlight test instrumentation at low specds and low altitudes on 101
versus hipgh speeds and high orbital altitudes on 102. There are also
ditterences because of the ditterent natural and induced environmental

eltects,  For example, on the 101 vehicle there s no Therm.l Protection
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system (TPS), litctle if any internal insulation, and no main pro-
pulsion system (SSME's)., There is an instrumentation boom at the nose
and ejection seats.

3.1.1 Subsystems Critical to Crew Safety

For the purposes of this report the Orbiter system is divided
into the followlng subsystems:

(a) Structures - this includes the fuselage, wings,
empennage, crew module, purge, vent, drain, payload doors, thermal
protection system (IPS), and the internal insulationm.

(b) Propulsion - includes the reaction control system,
orbital maneuvering system, auxiliary propulsion system and the inter-
face between the Orbiter and the Space Shuttle Main Engines.

(¢) Avionics - includes guidance, navigation, flight con-
trol, communications and trackinyg, display and control instrumentation,
data processing and software, electrical power distribution and control,

(d) Crew Station - includes all those items, such as fuel
cells, batteries, and rotating equipment used to store and generate
electrical power. This does not include those items used for distri-
bution and control of the generated power.

(¢) Environmentali Jontrol and Life Support -~ these include
the atmospheric revitrlization subsystem, active thermal control,
cryogenics, airlock support and waste management.

(f) Mechanical - includes janding and deceleration gear,
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separation, actuation devices, payload rctention and deployment, hy-
draulics, and pyrotechnics,
All of these systems and their components may be construed as
affecting crew safety.
The Panel chose to focus first on (1) systems extending the
technical and fabrication state-of-the-art in the literal sense or
in its application, (2) systems which prior program "lessons' have
indicated as areas of concern, (3) areas which the Panel members con-
gsidered most vulnerable to "human error' in defining requirements,
designing and fabricating, and (4) areas which cannot be adequately
tested or validated on the ground.
Using the sbove criteria, the following subsystems received par-
ticular attention from the Panel:
3.1.1.1 Doors and Vents
3.1.1.2 Thermal Protection System
3.1,1.3  Propulsion
3.1.1.4 Avionics
3.1.1,5 Electrical Power System
These are discussed in terms of systems design and current develop-
ment status,
Additional subsystens of particular significance for crew safety
include:

3,1.1.6 Crew Compartment
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3.1.1.7 Hydraulicsa

3.1.1.8 Separation Mechaniams

3.1.1.9 Structures
llere the comments are more limited for the reasons indicated in each
section.

Orbiter weight control has been 2 major management objective,
Currently, the estimated weight is abour 2000 pounds below the tar-
get of 132K. Reviews continue to find ways to take weight out of
existing designs or to find new ways to keep the weight down. Since
welght control is an important driver, the Panel in its review of
these subsystems has been sensitive to any impact on safety.

3,1.1.1 Doors and Vents

Doors and vents on the Orbiter vehicle must operate reliably to
maintain the vehicle's integrity for flight during ascent and reentry,
and to avoid risk to the crew.

Becauge of their significance tor crew safety, the following
doors were included in the Panel's reviews:

{(a) MPS/T-0 Umbilical Attachment Door. This door was re-
cently deleted as & result of the latest aerntherodynamic analyses.
Figure 3 and 4 depict the "betore" and "after" configuration.

{(b) Reaction Control System (RCS) Forward Thruster Doors.
These have also been deleted as a result of recent studies, Figure 5

depiets this chanpe.
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(c) Startracker Door,

(d) ET/Orbiter Closeout Doors, There are two - left and
right sgide,

(e) Air Data System Probe Doors. There are two - left
and right hand.

(f) Landing Gear Doors. There are three sets of fatring
doors - one for the nose wheel and one each for the left and right
main wheel system.

(g) Petsonnel Hatches. There are three.

() Rendezvous Sensor. Currently no information is avail-
able on this item,

(1) Payload Bay Doors. There are two 60-foot long doors.

(j) Payload Preflight Umbilical Door.

(k) Vent Doors. These are discussed under the vent system.
In addition there are doors on the Orbier 101 for use during the
Approach and Landing Tests on the f{irst vertical flight vehicle 102
that are not found on the later operational vehicles.

System Desiygn

Buring ascent, door position is a function of required operation.
For example, the startracker door is closed during ascent while the
External Tank/Orbiter closcout doors are open until the ET is jettisoned,
Regardless ol the particular (unction of individual Orbiter doors, they

all have to be closed and secured prior to entry,
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The Pan. 1 reviewed the basls for confidence in the mechanical
design, The doors themselvea are consldered as structural items, and
thus are to be desipned to preclude failure by use of adequate design
safety factors., Recent aerothermodynamic analyses have led to a re-
asseasment of Orbiter doors resulting in the deletion of the Launch
Umbilical Door and RCS Forward Thruster Ioors. The remaining Star-
tracker Door and some vent doors arce actuated and latched by electric
motors driving linkages through pear boxes and mechanical sequencers.
The ET/Orbiter closeout doors and Air Data Probe Doors are actuated
and latched by power drive units consisting of two electric motors
driving linkages through a gear box.

There are personnel hatches at three locations in the Orbiter
Orbital flight confipuration: (1) crew module ingeess/egress hatch,
(2) airlock hatch, and (3) airlock/payload bay hatch. The crew module
ingress/egress hatch is a circular hatch with double walls., The hatch
outer surface is covered with TPS and seals at the Orbiter outer mold
line. The hatch inner surface provides a redundant pressure seal to
the crew module pressure vessel. The hatch pressure seals may be
checked for leakage by pressurizing the volume between the seals.

This leak check capability exists during launch preparations or in-
light, utilizing CGSE or f{light cquipment. Mounted in the center of the
ingress/egress hateh is a 10~inch diameter window used for crew obser-

vitLions of external conditions and tor the pertormance of experiments,
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Control of the hatch is mapual, utilizing a rotary actuator which may
be driven from either ailde of the hateh and Apollo CM-type hatch
latchea, The airlock hatch is a circular hatch which seala at the
alrlock entry tunnel separating the crew module from the interior

of the airlock., The hatch is closed and latched for Orbiter launch,
opened shortly after orbital injection to allow accesas to the air-

lock interior, and also is cycled during extra-vchicular activity,

The hatch pressure seals also may be checked for leakage by pressur=-
izing the volume between the seals. This leak check capability and
hatch control is the same as for the ingress/egress hatch. The air-
lock/payload bay hatch is also a circular hatch which seals at the air-
lock exit tumnel. Hatch pressure seal check and hatch control again

is similar to the ingress/egress hatch configuration. There are two
payload bay doors with an actuation system for cach 60-foot half docr.
The Payload Bay door actuation mechanism has not been finalized as

vet but the following subsystem description can be provided at this time.
The output motion for door movement is taken off the second ring gear
of compound planetary gear boxes. There are six gear boxes along

each power path and these are connected by torque tubes to each other
and to a maia reduction gear box., The main gear is driven by the out-
put of a double differential comnecting three electric motors, This
arrangement allows system operation tor any two motor failures, any one

motor failure combined with one electric system failure, or any two
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electrical aystem fallures. A wechanical discommect of the motor

drive unit is provided and the door actuator gear boxes are de-

signed so they will back drive. This will allow the GSE Lo open or
close the doors.

The Purge, Vent and Drain Subsystem is composcd of five elements:
(1) structural compartment vent, (2) structural compartment ground
purge, (3) structural compartment drain, (4) window cavity condition-
ing, and (5) hazardous gas detection. The individual systems are not
discussed here since the major focus is on the safety impacts associated i
with these systems. The vent ports insure no violation of the delta
pressure limitations of the primary structure and therefore are of
primary significance for crew safety, It is the proper mechanical
operation of these doors that is critical, not the structural integrity
of the doors themselves,

There are some eighteen of these vent doors along with the asso-
ciated electro-mechanical and mechanical operational devices to move
them as required. The other purge, vent and drain unita present con-
siderably less risk to the crew. towever, malfunctions could lead
to mission abort,

The structural compartment ground purge provisions are composed
of a GSE-supplied tlow of air/GN2/Clie, which is distributed through
an onboard duct unetwork to all required structural compartments. The

structural compartmect drain provisions are composed oi piping and
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dlsconnects which, acting together with pround suppore equipment,
minimize the accumulation of modsture within (he Ocbiter stractucal
compartments.  The collection polnts are so located that effectlve
dreadning is Jeasible with the orbiter In either the horizental or
vertical acticude, 'The window cavity conditioning provisions allow
the introduetion of o prowmd-supplicd dry nitrogen purge into the
inner and outer window cavities during preflight servicing of the
Orbiter. During the approach and landing 1Hight tests and boost to
orbit, the gas in the window cavitivs is vented through lines to
overboard. While in orbit they are continuously venting the space,
During the entry phase ambient ateosphere tlows into the cavities.
Appropriate valves act to limit the delta pressure across the window
panes in the event of lilter or line clogping, The hazardous gas
detection provisions utilize a combinaiion of {light hardware and GSE
to detect Lhe presence and monitor the concentration of hazardous
pases during prelannch and post-Linding operations.,

Current Status

Door designs, as described to the Panel, are such that the door
itself and the mechanical linkages and pear boacs are considered the
same as primary structure, i.c., they are deshpgned with sufi{icient
structural safecy margin to preclude 1ailure under any known or
suspected load condition,

The door operating mechanisms ave quite comples and there are
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continuing efforts under way to simplify these mechanisms,
In the main the doors are contiguous with the Qrbiter Thermal

Protection System (TPS) and as such interact from the aerothermodynamic

standpoint with the function of the TPS.

Rigging of the externel doors is difficult and rust ba done in
the "blind" in many cases. As a result it is difficulc to prove that
door latches latch and lock properly and the chance for human error
is present to a degree that may require more than average detailed oper-
ational and inspection controls, or verification procedures, The Panel
will review this area as the program evolves,

The ET/Orbiter Separation Cluster Plate Doors and Startracker
Dour continue to be the subject of studies to determine whether the
doors and their associated mechanisms could be eliminated, recon-
figured, simplified, or reduced in size thereby reducing or elimi-
nating the crew safety risks associated with improper door operation,
The results of these studies will be the subject of further Panel
review.

The External Tank/Orbiter Cluster Plate Doors are now about
46" x 62" (actually some 2354 sq., in.) rather than the original 72" x 84"
size. The maximur exterfor surface temperature of the door when closed
during reentry is about 1500° F. 1t is estimated that without the
door local tempuratures would be 1.5 to 2.5 times as high due to flow

distucbances. These doors are open during launch and ascent until ET
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geparation and it would appear that an exlensive teat program to assure
proper operation in the post-launch envivonment is warranted.

The Startracker door sive is dictated by tracker view angles
and the requirement for daylipht tracking. Tracker-lines of sight
are made wore difficult by the thickness of the Orbiter TPS material
surrounding the window jftself. Maxinmum Lcemperatures near the Star-
tracker door are expected to be about 825" F. The door mechanism
and the alternmatives arc still under evaluation.

Venting analyses have been conducted to determine the effect
on the Orbiter vehicle of internal compartment pressures due to
opening the vent doors at different altitudes Jduring reentty. At
the time the active vent doors are closed, prior to reentry, the
pressure in all of the vented compartments is approximately zerod.
The Orbiter enters the atmosphere with the doors closed until the
"iot" part ol the descent is completed,  The vent doors are then
opened at about 70,000 -~ 80,000 tect and remain open until the Orbiter
is on the ground. 11 the opening of the doors is delayed to a lower
altitude, oxcessive difterential pressures could develoup across some of
the cowmpartment s, Analysis indicates that it takes about 15 scconds
to open the vent doors. on the other had those vent Jdovrs which
vpen Loo goon may produce problems due to the impingement of hot
plasma on st ructural wembers. The aclive venl system selection was

extensively reviewed and approved by @ number ot cont ractor and NASA
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organizational elements, including the Shuttle System Program Manager.
The Orbiter vent system appears to have been sized and analyzed for
nominal ascent and reentry trajectories, and ro detailed analysis
has been made to assure adequate operation of this system during abort
or vehicle malfunction conditions. Venting analyses for these con-
ditions are not currently underway, but should be available some-
rime after July 1976.

Two failure modes of the vent system that have been under study
because of significance to crew safety are the failure of the OMS
pod vent and wing vents to open. JSC venting analysis showed that
the fuselage can tolerate a single system failure, but the wings and
OMS pod would fail structurally. The time to troubleshoot such a
failure is very short (in seconds) and therefore backup procedures
cannot meet the necd.

The present Orbiter baseline with regard to Orbiter doors and
their functions/criticality are shown in Table IV .

1,1.1.2 Orbiter Thermal Protection Subsystem

Systems Designs

The Thermal Protection Subsystem (TPS) consists of the equip-
ment used to insulate against the external aerothermodynzmic or in-
duced heating effects on the Orbiter vehicle, The Thermal Control
Subsystem (TCS) maintains appropriate Orbiter thermal conditions.
The Panel has examined the TPS in detail and considers it one of the

most sipgnificant subsystems on the vehicle. While not much attention
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has been given the TCS, it will be examined more closely during the
coming vyear,
The TPS consists of those materials applicd to fixed and move-
able surfaces to protect the underlying aluminum structure and heat
scnsitive cquipment. The TPS has undergone an evolution in design.
Changes have occurred in tile materials, roatings, and confipguration.
The system will be reviewed in a PDR this summer.
TPS design for operational vehicles (Orbiter 103+, Subs) includes
five different thermal coverings rather than the current design using
three types:
{a) Lew temperature reusable insulation
(b) High temperature reusable insulation
(c) Relnforced carbonecarbon nose caps
(d) (New) Nomex "E'" telt with coating of white silicone oxide
(¢) (New) bare suriaces with coating Lor emissivity/absorptivity
Current configurations are shown in Fiypures b o 8,
Studies have been underway to *ry and simplify and reduce the
vost and weight of the Thermal Protection Subsystem.  Both JSC and
Rockwell have been heavily involved in chese activitles.,
The moditications between last summer and the spring of 1975
are due to a change in trajectory vhich rosulted in lower temperatures,
Lower heating rates cud a better tile desipgn, based on 4 more sophisti-

cated thermal analysis ot the tile joint aveas,
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Arecas that have received increasing attention are the aero-~surface
thermal seals: elevons, rudder/speed brakes, and body flap. These
seals must (1) provide thermal protection for the aluminum structure
to a maximum of 350° F., (2) restrict flow of air and/or plasma from
the high to low pressure arcas, to allow aerodynamic control of the
vehicle, and (3) have 100-mission life capability in operational vehicles.

Wing clevon seals must provide sealing between the:

(2) Elevon to f{uselago

(b) Elevon wing (top and bottom)

(c) Elevon-to-elevon

(d) Elevon wing tip
These are complex seal arrangements and have not yet been fully de-
tailed and analyzed,

The vertical tail seal is a conical tube running the length of
the rudder as shown in Figure Y . ‘The body tlap seal concept is
shown in Figure 10

Among the objectives in developing tile installation procedures
are {inding ways to minimize the number ol tiles and shapes apd to
simplify the mafntenance removal or repalr of tiles., Because of the
difficulty in maintaining precise airirame substrate surface tolerances,
as well as tile installation height U lerances, Rockwell Space Division
has developed the "building=block” approach tog installing tile on the

so=called "acreage' areas comprising about 80 percent ol the Orbiter.




In this approach standard tiles are used in large areas, Special
rows of closeout tiles are added to fill in the gaps between adjacent
areas,

The remainder of the tiles will have to be shaped and fitted for
such multiple curvature situations and penetrations through the TPS
subsystem as:

(a) The line between the RCC installations and adjacent
tile installations,

(b) Windshield

(¢) Forward fuselage hoist point

(d) Actuator access doors

(¢) Rear access panels near OMS pod

(f) Structure cavity vents

(g) RCS thruster package doors and opening

(h) Nose gear doors and main pear doors

A vart of the installation procedure includes the pre~fit of
tiles on the vehicle surface with a hand sanding of the loser tile
surface to match the inner mold-line of the Ocrbiter and hand sanding
ol the upper surface to match the required outer mold line dimensions
in order to control the "step" that exists between tiles, This is
shown in Figure 11 an indicates (he maximum allowable tolerance to
preclude "fouling” the airstream tlow over the vehicle surface, Thus

A tilesto-tile step of +0.030" to -0.050" is allswable in most in-
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;E_ atances, and a tile gap of 0.050" nominal is allowed.

L Current Status

;’ TPS concerns and issues that have been resolved and those still

challenging the designer, which have been of specific interest to the

f this subsytem, can be summarized as follows:

Panel during its reviews o

(a) Experience working with the reusable surface insulation
(RSI) or tiles shows it has low resistance to ground handling damage .

It has the capacity to sustain damage without catastrophic failure

iy WY

during exposure to induced environment. Installation costs and time

requirements are sensitive to the gap and step criteria, tile con-

figuration and installation technigues.

(b) The low temperature tiles appear now to provide more pro-

tection than nceded, bascd both on the change in trajectory and the

results [rom recent tests and analyses, This over-protection is also

a result of the minimum tile thickness of 0.2 inches. This thickness

is derived {rom the wtructural properties of the tile and its tendency

to crack when any thinner than that, As a result, the use ol Nomex "E!

felt with a white oxide coating has been tested and found practical as

. 2 . .
a replacement for some 3,275 L. of surface which achieves a maximum

temperature at the outer mold-line of 700° F. or less. Information

to date shows the Nomex telt to be acceptable for 100 mission use for

temperatures up Lo 600" . and very posaible to 700° F. There are some

el
2,000 plus (t.° of the area meeting the 000 depree requirement. There
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are even areas on the top of the Orbiter that could be flown without
any TPS at all. Arc jet testing conducted in early fall and winter
indicated that the Nomex and coating remain elastic and waterproof
for 100 mission cycles at 600° F, and for at least 50 cycles at 700o
#. A further investigation was initiated 25 January 1975 to resolve
gsome of the remaining challenges. These include the extent of degra-
dation of the coating with exposure to ultraviolet radiation, partic-
ulary degradation of the thermal radiative properties of absorbtivity
and emmissivity and perhaps elasticity. Although there are no par-
ticular structural or sibroacoustic concerns, there is the current un-
known of what contamination does to the coating. The program also
needs more information on the capability of Nomex to handle temperature
dispersions, particularly those over the designed-for values. Rockwell
has demonstrated the manufacturing and installation ability of the
Nomex felt and indicates a weight savings on the order ot 500 pounds
if used on the 2000 to 3000 square feet of surface area currently cited.
The Panel has also been monitorinyg the studies to assess the
hazards from: (1) ET insulation ablation products deposition on Orbiter
glass surfaces and TPS, anu (2) ice and Irost breaking away from the

ET and striking the Orbiter TPS. fests and analyses have been con- 1

ducted to assessthe ET/Orbiter interaction., As a result it was con-
firmed that the abalation products will not flow over the windshields

or the top observation windows and does not materially atfect the TPS
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absorptivity and emissivity or its ability to adequately protect the
aluminum structure, The possibility of TFS damage resulting from
ice and/or frost forming on the ET and then breaking away during
and prior to the ascent portion of the mission is still an open

item receiving attention. When this i8 completed, if in fact a

o problem exists, protection will have to be afforded the TPS during
the boost phase. Tests to date are not conclusive. Model tests indi~-
cate that ice will not form but frost will,
Natural environment factors such as rain, hail, ligh..ing, and bird
impact have been studied relative to their effect on the TP3. To
- assess rain erosion, precipitation models for KSC and Vandenberg AFB
have been developed based on NASA and Air Force data. These models
:: as augmented by tests and analyses indicate the following probabilities
- of encountering critical rains during ascent and descent at both
» launch/landing sites:
Flight Per One Flight Per 100 Flights
my KSC Ascent 0.31% 26.7%
- KSC Descent 0.0137% 1.26%
‘ VAFB Ascent 0.04% 3.9%
_ VAFB Descent 0.0011% 0.11%

If required, such data may be de -loped for Edwards AFB. During
ascent, launch constraints can reduce the rain erosion problem, Cap-~

ability for maneuvering during reentry to avoid rain is quite limited.
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As a result erosion has to be accepted and the TPS refurbished as
required during the maintenance and turnaround period. Such eroaion
is not considered a crew hazard as such.

As for ice impact and hail tests have shown that the tile does not
exhibit significant resistance to ice impact damage. Atmospheric ice
is encountered at altitudes below about 50,000 feet. Hail may occur
only within or below thunderstorm cells and is observed very infre-
quently at the surface at both KSC and Vandenberg AFB, Higher fre-
quencies occur at altirude. Studies indicate that the probability of
encountering hail during ascent is about 0.0075% and during descent
about 0.015% on an annual basis. Since hail is a thunderstorm phenomena,
the probability of hail encountering hail during launch may be reduced
to essentially zero by constraining launches. During horizontal flight
the ability to perform flight maneuvers are neglible and flight through
area thunderstorms cannot be avoided. Hail would not be catastrophic
but would certainly require significant refurbishment after landing.

Bird impact data from both civilian and military sources have
been analyzed with respect to the Orbirer flight trajectories and
expected frontal area subjected to bird strikes. Specific attention
was piven to the windows as the most significant area of concern and
the TPS as secondary. Because the probability of a bird strike is
extremely low, the program has deemed it practical to accept such low

probability risk.
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TPS ia obviocusly aubject to "people" or handling damage. There-
fore those persomnel coming in contact with the Orbiter must be
trained and conatantly be reminded of the fragile nature of the
tiles. Where possible, the ground support equipment should be de=
signed and used in a manner which minimizes any inadvertant damage
to the TPS.

Lightning effects on the TPS are continuing to be studied to
agsess the adverse effects, determine how they can be eliminated or
minimized and to define necessary constraints, The current baseline
has not designed the TPS for a lightning strike. Without any avoid-
ance measures the probability of a lightning strike would be about
0.008% for all altitudes up to 50,000 feet for launches from KSC.

The probability of a strike at Vandenberg AFB would be consider-
ably less, based on lightning occurrence there. Selective time of
launch can reduce the probability of a strike by at least an order of
magnitude.

Solid Rocket Booster separation motors in their original con-
figuration would have impacted the TPS when fired. As a result of
these analyses the forward SRB separation motors were relocated 120
inches forward. Their thrust was increased from eight units of 12,000
pound thrust to four units of 20,000 pound thrust. The firing time
was also reduced from two seconds to a period of not more than 0.75

secoml,
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Tile installation is scnsltive to atructural buckling caused by
thermal stressen along the forward fuselage, mid-fuselapge and a few

panels on the upper and lower aurfaces of the wings. oOrbiter specifi-

cation requirements are that there be no buckling helow 115% of limit

load on ascent and 100% of limic load on descent. As an example, in

the mid-fuselage and wing areas the initial design assumed stringers

previded adequate stiffness and spacing (o preclude buckle until limit

load was reached. Subsequent analysis and testing showed that buckling

occurred considerably below the design load, The cause was the trans-

verse skin compression stresses induced by combined thermal and mechan-

ical loads. Such buckling disturbs, if not breaks, the TPS subsystem,

The current approach to res>lving this problem is to conduct tests to

gtructural ultimate strength and determine ability of the TPS sub-
system to accommodate the buckling without (ajlure. Then the program

will be in a position to defind stiffening modifications and retest of

TPY installations.

Another area of concern was the effect of the salt air environ-

ment on the chemical stability of the tile coatings at the elevated

temperatures anticipated in ascent amd reentry. As a result of this

concern, i test program was conducted at JSC in the 1.5 megawatt arc

jet tunnel facjlity to evaluate the ettects of the salt contamination
on the reuse capability ot the high temperature thermal protection

material. Test results indicate that salt accunmlations representative
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of up Lo ten yeara of launch pad environmental exposure have no ad-
verae effects on the reuse capability of the HRST and {ts coating for
approximately 100 miasionsg.

The high temperature (greater than 2300° F.)} thermal protection
material is made of reinforced carbon-carbon material, This material
consists of pyrolized carbon fibers in a Pyrolized carbon matrix with
a silicon. carbide coating. Extensive development testing and analyses
are still in process to determine actual Performance characteristics
and to confirm the RCC configuration as designed, as well as alter-
nate designs which may be used asg the {inal analyses converge on the
final design., A design review for this area is scheduled for the
summer of 1975, Two major problems with the RCC material are (1) sub-
surface oxidation, and (2) inter~laminar failyure occurring within the
Pyrolyzed matrix itself, Sub-surface oxidation results in masg loss
which {s 2 function of mission environment Pressure and temperature.
For example, tests are Presently being conducted to determine how
best to meet the Particularly severe environment where the shock wave
off the nose of the Orbiter intersecrs the wings. The inter-laminar
tailure problem is one of material Processing and now appears to be
resolved,

The TPS tegst pProgram includes (1) material churacturization, (2)
desipgn development testing, and (3) design veritication., The resules

ol the test program to date can be summarized as follows:




() Reuwsable sucface insulation (t1les) have been Losled
for "aa tabricated" propertiecs and these test resulls are be Doy
evaluated for determining any futwre tesg requivement s for material
characterization,

(b)) Reinforced cavbon-carbon test program is approximately
25% complete with seheduled completion in Februiry 1970,

(¢)  Seals uwied on woving suriaces are in the very carly
stiges of material characterization testing,

) Desipgn development testing covers those Lests con-
ducted Lo confirm analyrical methods, suppovt ol design contipuration
selections, and establish verification test methods.  For example,

@ 0.36-scale model wind tunnel test is in process at Ames Research
Center to measurce effects of TPS on low-speed aerodvnamics.,  Some 120
Lests are to be performed on this wodel in the low-speed 40 x 80 foot
wind tunnel, Tost tile tests, structural tests, tatipue tests, tlutter
tests and lightning tests have been, and continue to be, conducted,
Avrodynamic heating in the paps between the silica PS8 tiles is
receiving attention throush tests to assure (hal these phenomena
are correctly modeled in the analvses used (o define the contiguration
ol Lthe TP,

In sunmary, the Orbiter TP is a4 Jditricultl and complex system
to desipn andunderstand. None the less, the analvses and testing

conductoed to date indicate that the Jdesivn and operational comples-
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iries are yielding to the planned development effort. The remaining
concerns or challenges include the following:
(a) Improved RCC coating to increase material lifetime.
(b) Decision on use of Nomex felt in lieu of thin tiles,
(c) Themnal protection of penetrations (aerosurface seals
and movable doors)
(d) TPS sensitivity to structural buckling.
(e) Tile-to-tile high tolerance to precluie "eripping" or

disturbing the airstream,

(f) TPS inspection, maintenance, and handling.
(g) 100 mission reusability.

3,1.1.3 Propulsion Systems

System Desipgn

This section deals with four separate power systems: (1) Aux-
iliary Power Unit, (2) Forward amnd Aft, (3) Reaction Control, and (4)
Oribtal Maneuvering Subsystem., The main propulsion system for the
Shuttle integrated system is covered under Section 6.6 of this report.
The portion contained in the Orbiter vehicle, the three main engines,
is covered in Section 3.2,

The Auxiliary Power Unit Subsystem consists of three independent
APU's, each having pressurized fuel storage and distribution, an APU,
lube oil cooling, and exhaust, vent and drain provisions. Each APU

provides mechanical shaft power to one main hydraulic pump of the
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Orbiter Vehicle Hydraulic Power System. At lecast two APU~hydraulic
systems must be operational to assure safe return ot the crew and
vehicle, Operational flight control requirements for the Orbiter

for the approach and landing phase ean be met with any one of the three
APU systems failed. With two systems failed, the remaining system
with overspeed cannot meet all operational requirements and may not,
therefore, be capable of returning the crew and vehicle safely under
all mission design conditions.

The forward RCS provides precise attitude control and three-axis
translation during separation from the External Tank, orbit insertion,
and orbital phases of the flight. The aft RCS does all of these same
functions in conjunction with the forward RCS and also provides thrust
for the reentry phase of the mission., The forward RCS has eleven pri-
mary and two vernier thrusters mounted under doors and six thrusters
mounted exposed. The doors remain closed and latched during boost and
reentry phases and are deployed and locked in place for ET separation,
orbit insertion and orbital phases. The aft RCS is composed of twelve
primary thrusters and two vernier thrusters located on either gide of
the aft Orbiter fuselage for a total of 24 primary and 4 vernier units,

The primary RCS engine specification requires the engine to in-
corporate a burn-through detector to sense an incipient thrust chamber
burn-through and to provide an appropriate signal to be used by engine

shutdown., This is a ditfficult item to develop and qualify and may also
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cause operational problems due to false shutdown. It is now con-

aidered that burn~through is not one of the primary failure modes.

The contractor was asked to process a Master Change Record (request),
MCR, to delete the burn-through detector pex the 102 PDR (February 1975).

The Orbital Maneuvering System (OMS) provides the propulsive thrust
necessary to perform the following maneuvers: (1) final velocity in-
crement for orbit insertion, (2) orbit circularization, (3) orbit transfer,
(4) rendezvous, and (5) de-orbit. Although one OMS engine could be used
for these operations, reliability considerations dictate that the loss
of an OMS engine is cause for abort.

The OMS has single failure points in the pressurization and pro-
pellant feed areas and the failure mode would be rupture and excessive
leakage. Any excessive pod differential pressure could result in
structure and TPS damage preventing safe reentry. The OMS is fail
safe otherwise, except for such catastrophic events as engine or pro-
pellant explosion.

Current Status

There are numerous mechanical connections used on the forward
and aft RCS in lieu of welded connections. This approach permits
removal arnd installation of equipment in minimum time while minimizing
contamination hazard to the remaining portion of the system. Where
possible the fittings and seals being used were already qualified in

the same application in Apolle and Skylab programs. After reconnect
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all mechanical connections will be pressurized to system pressure
with helium and externally leak-tested to system requirements.

NASA and contractor have agreed to maintain tight surveillance
of mechanical connections (fittings) to assure both the number and
possibility of leakage are minimized,

Verification of component propellant compatibility of OMS/RCS
hardware is under review. Based on the demonstrated Apollo CSM
experience, the current requirement is that components be constructed
of materials with demonstrated propellant compatibility. However, sub-

system design features and operational methods, as well as program

funding limitations precludes compatibility testing at the component level

of the OMS high pressure helium isolation valve, helium pressure regu-
lator, low pressure vapor isolation valve, and the tank pressure re-
lief valve.

In the RCS the plan is to authorize only those materials in the
helium system where there is proven compatibility with the propellants.
The data and analysis will be accomplished during the development and
qualification programs. Because of the propellant system components
total exposure to liquids, a qualification compatibility test will be
conducted at the subcontractor level.

Neletion of the vibro-acoustic test of the forward fusclage has
meant cancellation of the vibration test of the forward RCS module.

Nowever, the need for system certitication of the RCS prior to first
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verticle flight has not been eliminated, so a reassessment of means and
techniques is underway to provide the required certification data base,
Plans are to review aft pod vibro-acoustic tests, system similarity
and analytic techniques to see if aft pod data can be extrapolated for
application to the forward RCS module. In addition, alternate forward
module test plans and schedules are being studied to determine a cost
effective vibration test for the forward module only. Resolution of
these alternatives and a recommendation is due around 1 July 1975.
3.1.1.4 Avionics
Systems Design
The avionics subsystems provides commands, guidance and navigation
and control, communications, computations, displays and controls, instru-
mentation, and electrical power distribution and control for the Orbiter,
external tank and the solid rocket booster. The avionics are configured
to facilitate checkcut, access, and replacement with minimal distur-
bance to other subsystems. Equipment locations are shown in Figure 12
Computations or data processing is accomplished through the use of
five digital computers., Three are dedicated to the guidance and navi-
gation function. One can be used tor either guidance and navigation
or payload and pertormance monitoring,and one is dedicated to payload
and performance monitoring. Softwdre or computer programs are integral
to this data processing and control system since these {ive general

purpose computers are the same mode. It is the resident software that
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determines the computer function.

Verification of the avionics/software aystems as an independent
and integral part of the Orbiter/Shuttle system is accomplished through
the following test programs:

(a) Software Development Laboratory program te verify the
flight data on flight computers,

(b) Avionics Development Laboratory program to verify "single
string" and redundant hardware system operation and the hardware/soft-
ware compatibility.

{(¢) Shuttle Avionics Integration Laboratory (SAIL) program
to verify redundant hardware system operation for Orbital Flight Test
as well as the hardware/software compatibility for OFT.

(d}Y Simulations to verify flight crew operations of vehicle
and the guidance and navigation performance accuracy in a manner similar
to simulations for prior manned spaceflight operations.

(e) Approach and Landing Test (ALT) program using Orbiter
10) will be used to verify the aerodynamic capability of the Orbiter,
the aerodynamic guidance and navigation performance, aerodynamic
system integrated operation and the aerodynamic dependent software.

(f) Orbital Test Flight program to verify the total mission
vehicle capability with avionics and associated software.

Orbiter 102 will have the following avionics elements not on

Orbiter 101
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(a) Startracker/Light shield
(b} Those portions of the flight control system that in-
velve the Reaction Control System, Orbital Maneuvering System, Thrust

Vector Control for the SSME's,

{c) SSME interface uuit portion of the system for processing
engine data.
(d) Many items of the communications and tracking system,

e.g., KU band radar, payload interrogator, signal processes, portions
of the S=band, ete.

Current Status

The relationship of avionics to the flight and ground crew safety
is multifaceted, since every action and reaction during the mission
is controlled to some extent by the avionics system. The Panel has,
therefore, had to be selective., We have chosen to review three areas
most significant to crew safety: (1) Orbiter/SSME-Controller inter-
tace, (2) ALT/OFT flight control modes, and (3) abort operations,

A review by the Panel was to determine if there are potentially
critical failures across the Orbiter/SSME interface, and, if so, to
understand those steps being taken to minimize or eliminate such efects.
Where hazards are not eliminated we wanted to assure that the asseas-
ment of the risk and the rationale for accepting it had been given
appropridte muandagement attention.

Operational and checkout commands and cngine flight data are
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supplied via the electrical interface connectors, at the engline-
supplied electrical interface conncct panel. Commands conalst of
engine start, shutdown, thrust level changes, checkout, and sequence
checks. Engine flight data transmitted to the vehicle consist of
information necessary for melfunction display, fault isolation,
maintenance recording, trend analysis, performance monitoring and
checkout. Three parallel redundant connectors provide a reliable path
for the Orbiter to engine commands. Further a2 minimum of two of the thre-
commands must be received before the engine response will be initiated.
Two of these connectors are also employed to transmit the engine flight
data back to the Orbiter. Failure to provide correct command during
ascent or to transmit engine performauce back to the Orbiter do not
appear to be a direct threat to the crew safety since the engine will
continue to operate on the last correct command received.

Flight control utilizes automatic commands determined by the guid-
ance and navigation subsystem manual commands provided by the crew,
vehicle motion sensed by the sensors, logic decisions processed by
the control laws, and those forces produced by actuation of the aero-
dynamic surfaces TVC's, RCS, etc. to perform stabilization and con=-
trol. The control laws are software. The flight control requirements
for each mission phase (ascent, on-orlit, reentry, and atmospheric)
are specified in terms of control mode elements. These mode elements

or control modes are the building blocks which can be used in combi-
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nations to provide the actual operational control modes. During
ascent through the SRB ataging the nominal baseline has been de-
fined as automatic mode. While there is manual redundancy it will
not be used unless there is a significant benefit. After that
portion of the ascent period, the flight control modes can be 1)
manual direct, (2) manual command augmentation, (3) hold, (4) select,
and (5) automatic. These are defined in Table V . One of the areas
being worked by the program that will be examined by the Panel is the
identification of OFT launch failures which require manual guidance
and control, Another area is the aerodynamic tolerance effects on
response and stability of the flight control/structures design cap-
ability. Structural constraints have been reflected back in a manner
which indicates a need to restrict the angle of attack and side-glip
variations to a minimum consistent with ability to provide for high
derodynamic load relief. Systems studies have indicated that these
constraints are only marginally reached with nominal system para-
meters. Flight control margins are tight and vehicle dynamics are
pushing the margins (plus/minus tolerances or limitations on system
input/output lag, accelerations, roll rates, etc.). The first stage
ascent is the period of greatest concern from the standpoint of com-
puter cycle time. There is a possibility that sample frequency re-
quirements may increase, If so, this would further aggravate the

computer timing problem,
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The role of the avionics aystem in abort operations is par-
ticularly significant because of the need for large quantities of in-
formation concerning the vehicle and its performance as well as the
need for fast reaction to on-going events., Confidence in the design
capability of the Orbiter vehicle and its avionics subsystem to per=
form the once-around-orbit, return-to-landing-site or any other abort
mode is being examined on a continuous basis as the design matures
and the system capabilities are further designed. The Panel will
examine this area in more detail as the concepts and design mature.

A back-up flight contrcl system is being installed in Orbiter
101 only to provide protection against generic software problems
or problems with the complex hardware, crew interfaces, and mechani-
zation. No new hardware is anticipated. This approach should pro-
vide an additional measure of safety during the early flights of the
ALT program.

This concern with overloading the computer capability in the
Orbiter is real. It has been stated that at this time the word
requirements are in the range of: ALT 2700-2800 words, OFT on=-Orbit
2000-5000 words and entry 5000-6000 words (on orbit and entry are
additive). The main drivers on the computer and the flight control
requirements are speed and memory.

A number of tlight control support tasks are being carried out

by NASA Centers, Marshall is working on:
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{(a) Ascent flight dynamics and control.

(b} FCS requirements and constraints,

(c) rliebc dynamics/stability performance.

(d) Body-mounted sengsor complement and locatious.

(e) Digital sampling/filtering and quantization.

Langley is working on:

(a) Entcy guidance and control,

(b) Independent cvaluation of flight crew role in con-
trolling Shuttle.

(c) Orbiter G&C entry design verification.

The Flight Research Center is working on:

(a) Entry aerodynamic tlight control, developing an F-8
digital (ly-by-wire program for DP5 and [light control redundancy
management and tflight control system design,

A number of avionics clements have not been placed on contract
as yet or desiygn has not evolved sufficiently to review it, The
Integrated Elcctronics Assembly is not yebt on contract. Many of the
operational communications and tracking hardware will not be con-
tracted [or until 1976-77 period. This also holds true for display
and contrel equipment tor 102. Those arvas, with safety implications,
will be reviewed by the Panel at Lhe appropriate time.

3.1.1.5 Electrical Power Subsystlem

Systems Desipn
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The electrical power subsystem gencrates the electrical power
and is active throughout the vertical flight test program and oper-
ational flight and during ground operations when ground suppert cquip-
ment i8 not connected.

This clectrical power subsystem is comprised of the power re-
actant supply and distribution and three fuel rell power-plants. The
electrical power subsystem is shown schematicaily in Figure 13 .
During peak and average power loads, all threc fuel cells ard buses
are used; during minimum power loads, only two luel cells are used
but they are interconnected to the three buses. The third fuel cell
is shut down but can be reconnected within 15 minuies to support
higher loads. Excess heat from the fuel cells is transferred to the
Freon cooling loop through heat cxchangers.

Most of the active elements of the electrical power system have
been designed to sustain two failures and remain operationally safe,
in other words fail-operationally then fail-safe. The power reactant
supply and distribution tanks, clectrical power subsystem plumbing,
and passive clements have been designed to provide fail-safe oper=
ation after a single failure by means of redundant subsystem flow
paths which are physically separated. A single product water-line
is provided to the environmental control and life support subsystem

since fail-safe water requirements are provided with the environ-

mental control and life support subsystoem,




The operational use of fuel cells for manned apace £light evolved
during the Gemini, Apollo, and Skylab programs. The Space Shutcle
fuel cells will be secviced between flights and reflown until each
one has accumulated some 5000 hours of online service,

Interfaces of the electrical pPower subsystem with other subsystems,
such as the avionics for control, and environmental control and 1ife
support subsystem, have not as yet been examined Lo any degree by the
Pancel. The Panel's major concerns here will deal with (1) crew hazards
resulting from subsystem failures, e.g., loss of power to critical
functions, (2) [ire hazards resulting from short circuits or other
lailure modes, and (3) system design to prevent or inhibit deleterious
events from propagating.

Current Status

Based on latest available data, it was noted that the current
power requirements exceed the clectrical power subsystem capability,
The present electrical power requirement of 2006 KWH exceeds the
1609 KWH capability for the Orbiter 102. Mission energy require-
ments for seven days exceed the baseline cryogenic storage capability,
i.e., tank sized for 1530 KWH. Activities underway are normal for
this type of concern at this stage of vehicle development., The pro-
pram is scrubbing clectrical loads and equipment duty cycles to
climinate wwmecessary pover loadings. Honthly electrical power status

reports are now being issucd ro agsure high level contractor and NASA
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viagibllity and continued control,

Also, bhased on the prlor experience of the Panel, particular
interest 48 focused on the electrieal power achaystem Vluld tubing
comeccions and the fluld Line insulation, These Lwo areas are
shown schematically wich bries deserviptive material in Figures 14
and 1% . A test program i3 heing developed to provide insulatioun,
packaging, venting and instaliation desipn data jor all insulated
{luld lines, particularly polyurcthane foam insularions and TG-15000.

3.1.1.6 Crew Compartment Pressurization and Toxic Gas Control

The pressurized crew compartment hag a volume of approximately
3 ) 3 .
70 m or 2300 ft. , and contains three levels. The upper section,
or flight deck, the mid-section containing an airlock, avionics and
living arca, and the lower scection containing the environmental con-
trol equipment.

An atmospheric revitalization pressure control syslem provides
the crew compartment and habitable pavlead modules with a twe-pgas
atmosphere ol nitrogen and oxypen. 1t also provides the vxygen to
the emergency breathing subsystem and airlock support subsystem, and
provides nitrogen tor pressurication of the potable and waste water
Lanks. Table ¥I is a recap oi the tunctions and periormance require-
ments ol this subsystem,  Also, the atmospheric revitalization loop

viteulates and Tikters cabin air, contrals the atmosphere €O, level
] Z ¥

provides temerature control, and removes Latent ant sensible heat




through the humidity control heat exchanger.
+

Cabin pressure is normally maintained at 14,7-0.2 paia, but
in the event of cxcessive cabin leakage an 8t0.2 paia regulator is
used,  Sufficient make-up gas is available for 165 minutes pressure
maintenance at this 8.0 psia value, assuming leakage equivalent to a
0.45 inch diameter hole. The atmosphere venting countrol providea for
Lthe relieving of excessive crew compartment pressure differentials
whether negative or positive. This is a part of the pressure con-
trol system. The pressurization system is not designed to handle a
second failure alter 8 psia cabin condition exists. The crew will be
on oxygen masks during emergency cabin pressure maintenaice of 8 psia.
Smoke detector units located in the avionics' bays require refurb-
ishment every 2400 hours ot operation.

Orbiter 101's sressuriced compartment has passed its qualification
Lests,

1.1.1.7 lNydraulic Subsyslean

Hydraulic subsvstem provides power to actuate the acrodynamic
flight control surtaces, main engine gimbals, main and nosce landing
peir, main banding gear brakes, the main engine valve controls and
nose wheel steering,

livdraulic power is provided by three independent, filty percent
power systems that provide the reautred degree of redundancy.,  The

Pavel was told that this approach minimizes weight, power extraction,
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amd aystem complexity and emphasizes balanced design betweon systems,
A number of components have been standardizod through comaonality pro-
cedures thus reducing the cost, development time, and logistic supporxe.

This subsystem is active during Liftoft, ascent and orbital in-
sertion. lt provides for concurrent operation of ruddex, main engine
thrust vector control and main engine valves. The subsystem is passive
in orbit except for a low pressure, electrically driven pump in cach sub-
system, The pump provides circulation to assure thermal conditioning.
Activation of the subgystem is prior to deorbit burn and operates
through reentry and landing.  The main pumps are driven by hydrazine
fuel auxiliary power units.

Each hydraulic system utilices a 63 gpm variable displacement
pump, powered by an individual auxiliary power unit, all of which con-
tributes to the redundancy of hydraulic power sourees.  Assipnment of
functions to cach system is based upen optimum power extriaction and
distribution, maximum tlight satety, and minimum weight without sepre-
pattion or 1light control and weility lunctions,

The hvdraulic subsvstem cquipment iz compatible with fluid speci-
Pication MIT=1=-81'8".  1ts bulk tluid temperature is maintained below

S . . .
279 1. by o hvdraulic tluid/vater boiler heat exchanger.

The hydrautic distribution svstem consists ol tubiap and fittings
fabricated trom titanium,  Approximiately cighty percent ol the tubing

comeed tons are of the permanent welded tvpe. Minimam nse ot separable
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ficrings improves the syatem inteprity. Flared tube fittings are
not used. Metal lincs, designed to flex, are used in licu of hoses,
where possible, to recuce maintenance and improve safety.

Metallic,n-elastomeric and elastomeric secals are used as best
suited for individual applications. Because of the upper temperature
limit of 275° F., elastomeric seals can be used where they offer
advantages over other sealing techniques, Experience with aircraft
hydraulic systems has also demonstrated that satisfactory system
operation can be achieved with non~elastomeric and metallic seals.

A hydraulic subsystem working pressure of 3,000 psi was selected
on the basis of minimum cost, minimum risk and better stiffness quality.
The system is capable of operating when subjected to normal g, 2¢ero g,
and hard vacuum e¢ncountered in orbit.

The three fifty percent system configuration (fail-safe) was
gelected in preference to an original design of four fifty percent
(faileoperational/fail-safe) configuration as a result of an exten-

sive study of historical failure data of hydraulic components, the

limited cperational exposure time during ascent (abort decision time) and,

of course, weipht and cost savings.

From the point of view of reliability, the system requirements
state that the hydraulic subsystem shall provide safe flight and
landing in the event of any single tailure which causes loss of one

hydraulic string (lail-sare). The avionies/hydraulic interface is
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required to have a degipn that i8 two tailure tolervant (fail-oper-
ational/rafl-gafe). The subsystem also has a maintenance requirement
that it be consistent with the turnaround operation and ne capable

of being maintained in the horisontal as well as vertical posic on,
Avrosurface controls operated by the hydraulic system are shown in
Figure 16 .

The hydraulic subsystem interfaces with the tfollowing space
orbiter subsystems:

(2} Flight control surfaces - elevons, rudder, speed brake,
and body {lap.

(b)Y Main engine thrust vector control,

(¢ Utility loads,

(d} Steering, and landing gear brakes,

{(e) Mvionies = displavs and controls, and 1light controel
clectronics,

Actuators uwsed in the tlight control subsvstems (clevons, main
propulsion system thrust vector controls and landing pear) heve been
approved by Kockwell International, space Division, as acceptable risks
based upon the verv bow probability ot rupture or mechanical bindiag
modes ot tatlure,

While the Paonel has vot had the opportuntity to review this area
i depthy, the tollowing questions would appear appropriate bascd on

vxperience with other svatems:
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(a) To what extent are failure isolation techniques, such

¢ breakers, and refturn 1ine check

as hydraulic fuses, hydraulic circui

valves used to {solate a failed component .

(b) It has been a general rule that whenever hydraulic

power 1is necessary for critical safety items, two independent sub-

systems are used., Why is this not the case for the Orbiter?

(¢) 1s there assurance that sufficient fluid cooling 1is

available to maintain compatible fluid and seal temperatures?

(d) Wwhat parameters relating to actuator failure modes and

1ife expectancy are being measured on the approach and landing test

rbiter used for the first vertical flighta? Does

vehicle and on the O

a mathematical model exist so that these measurements can be related

nt test data to further enhance hardware

to the design and compone

verification?
(c¢) What failure modes ol the hydraulic subsystem result

{n the loss of the Oorbiter - either directly or through the failure

of a sccond system impacted by the failure of the first system?

(f) What is the method of validating these systems to

achieve the necegsary confidence wn the design selected by NASA/Rock=

well International. 1In other words, if the testing is mot beyond the

true expected conditions, bow valid is the risk aceeptance logic?
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(g8) What specific hardware/management controls are placed
on the designers and manufacturers other than the prime Orbiter sub-
contractor?

3.1.1.8 Orbiter Separation Systems

The separation of the Orbiter from the External Tank involves
three separation systems: (1) forward structural attach, (2) aft
structural attach, and (3) Orbiter/ET umbilical plate separation,
including the electrical umbilical separation. See Figure 17 .

Separation from the carrier aircraft (Boeing 747) involves for-
ward and aft structural separation areas that are difierent from the
Orbiter/External Tank arrangement, but the method of separation is
egsentially the same. See Figure 18§.

The forward structural attach/separation configuration consists
of a dual piston pressure actuated frangible attach bolt coupled with
a standard nut, Each piston can iracture the bolt at the Orbiter
Thermal Protection Subsystem moldline utilizing pressure penerated by
one of two Apollo-type pressure cartridues.  Subsequent to separation,
three centering plungers/springs align the bolt separation plane with
the Orbiter TPS mol.line by rvotating the retained portion of the bolt
within the Orbiter, No close-out door is required since the stub beolt
and spherical bearing ave essentailly flush with the TPS moldline.

The aft structural attach/separation contipuration consists of

twe (right and lett gide) dutl detonator trangible suls coupled with
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two correspoiling attach bolts, Each bolt has a retraction spring
which, after nut fragmentation, retracts the bolt into the ET hemi=-
sphere so there will be na interference in the separation sequence.
On the Orbiter side, the dual Apollo-type detonators are enclosed in
4 cover assembly whose function is to contain nut fragments and hot

545 generated by the operation of the detonators, either of which

will fracture the nut.

The Orbiter/ET umbilical plates separation configuration consists
of two assemblies (right and left side), Each assembly contains
three dual detonator frangible nut/bolt combinations which hold the
Orbiter and ET umbilical plates together during mated flight. Each
bolt has a retraction spring which, after release of the nut, re-

tracts the bolt to the ET side of the interface. On the Orbiter side,

each frangible nut with its Apollo-type detonators is enclosed in a

debris container. Each Orbiter umbilical Plate has three retractors

which, after release of the three frangible nut/bolt combinations,

fetrace the plate approximately two and one-half inches. Retraction

motion dees a number of things: (1) disconnects the Orbiter/ET elec~

trical umbilical in the rirst haltl inch of travel, (2) releases the

trapped fluids between the Orbiter and the ET oxygen and hydrogen

shutof't valves, and (3) serves as a backup tor closing the oxygen and

hydrogen shutofi valves, Each Orbiter umbilical plate has three

stabik ziog bungees to hold it in position after separation,
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The questions that would scem most appropriate at this time
are:

(a) During separation of the Orbiter and External Tank,
propellants are rveleased from the feedlines. With hot surfaces, hot
wires and so on, what is the potential hazard of the oxygen and hydro-
gen being ignited?

(b) What is the adequacy of the separation system and the
operational procedures Lo assure a safe physical separation of the
Orbiter and External Tank under nominal and non-nominal flight con-
ditions? For instance, all separation modes normally require the
use of the forward Orbiter RCS operation, assurance that the sep-
aration of each of the three points to be separated are done within
the required time period. At what point during thrusting by pro-
pulsion units of the total Shuttle system can separation occur?

(¢) What is the ha:zard ol the Orbiter and External Tank
recontacting after separation?

(1) What is the ability to maintain the oxypen valves
and hydrogen valve in the open position up to separation and the
ability to assure closure atter separation?

(¢) What is the basis tor contidence that there is no
potential hang-up problem at the att structural separation inter-
Face alter the attachment bolt is retracted?

(1)  Since umbilical door release is accomplished through
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the use of a spring-loaded latch on the External Tank, what is the
hazard from door, door hinge, or latch faflurxe?
3.1.1.9 Structures

The Panel has not examined the basic Orbiter structure in any
detail but has opted to look at those items from the standpoint of
the test program used to validate the structure. The TPS and doors
are covered under separate sections of this report. Another view of
the Orbiter structure is obtained from an evaluation of the interface
between the Orbiter and the External Tank and the Orbiter interface
with the Main Engine. Added to this {s the examination of the abort
operations' area which includes an understanding of the ability to

meet intact abort modes requirements,
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3.2 Space Shuttle Main Engine

The Orbiter Main Propulsion Subsystem consists of the Space Shuttle
Main Engines (SSME), the External Tank (LT) which stores and supplies
liquid oxygen and liquid hydrogen for the SSME's, and a system of valves

plumbing, pumps, etc. located in the Orbiter which deliver the pro-
pellants to the engines.

The three main engines are started during the countdown. When
they attain a ninety percent thrust level, the Solid Rocket Motors are
ignited and liftoff is achieved, During the burn of the engines, they
are throttled as required to limit vehicle acceleration to 3g. Gim-
baling of the mdin engines provides steering during ascent in con=-
junction with Solid Rocket Rooster tarust vector control. The SSME's
burn for about eight minutes, Final boost into orbit is provided by
the Orbital Maneuvering Subsystem (OMS), Each of the three main
cengines is approximately fourteen Leet long with a nozzle about eight
teet in diameter. The engines produce a nominal sea-level thrust of
375,000 pounds cach and a vacuum thrust of 475,000 pounds. They are
throttleable over a thrust range of litty percent to one-hundred and
nine percent of the nominal thrust level.

Orbiter fnterfaces are hasically ot three types - tluid, 2lectrical,
and structural. The (luid connecvions consist of the main propellant
lines which transmit liquid hydrogen and oxygen and the 1{luid connections

located at the interface conneet panel mounted on the vehicle. These
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provide fluids to and from the individual englnes as follows:

(a) Hydraulic supply to and from the englne.

(b) Nitrogen purge (ground) to the engine.

(c) Helium supply to the engine.

(d) Fuel and oxidizer bleed from the engine.

(e) Caseous fuel and oxidizer (pressurant) from the euginc.

The propellant fluid connections at the interconnect panel con-
aist of bolted swivel flanges. All remaining fluid connections are
attached with bolted flanges except for the hydraulic system which
uses self-sealing quick disconnects. Flexibility for these joints
are provided with flex hoses on the enpgine side of the interlace.
Electrical interface between the engines and the Orbiter are

made at the electrical commect interface panel located on each engine,
These interfaces consist of the Lollowing:

(a) Single 28 vdc pover connector.

(b) Two 115/208 vac power coancctors.

{(¢) Three communication and data transmission connectors.
AC power of 115/208 volt, 400Hz, 3-phase, is supplied to the engine
controller and the controller conditions the power to the require-
ments of the various engine actuation and instrumentation subsystems.
The 28 vde 1s provided to operate both the $SME controller heaters
and a redundant ¢oil on cach enpine's omergency preumatic shutdowa con-

Lrol solenoid valve which is unormally open. Engine shutdown cannot
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occur when the crew activates cthe engine limit control to inhibit
engine shutdown. Operational and checkout commands and engine flight
data are supplied via the clectrieal interface connectors at the
engine=-supplied clectrical interface coomect panel,  Comannds coan-
saist of engine start, shucdown, thrust level chanpes, checkout, and
sequence checks, Engine flight data to the vehicle consist of infor-
mation necessary for malfunction display, fault isolation, maintenance
recording, trend analysis, performance monitoring and checkout, Three
parallel redundant connectors provide a path for the Orbiter-to-engine
commands. A minimm of two of the three comminds must be received
before the engine response can be initiated. Two of these connectors
are also employed to transmit the engine flight data back to the
Orbiter. The aft Orbiter Lhrust structure, the third interface, is
built up with a titanium/boron epoxy material. Another interlace is
the honeycomb-base aluminum heat shield with insulation to protect the
SSME from thermal inputs.

Integrated tuesting of sulsystems is a critical milestone in the
SSME program. 1t will be conducted at the National Space Technology
Laboratories (NSTL) iu Mississippi. [The (irst cagine firing at rated
power level will take place at NSTL on o moditied Apollo tiring test
atand in the winter ¢ 1975. This will be tollowed by the tirst
throttling test over the rated power level ranpe.  The Tateprated

System Test Bed (ISTBY will demonstrate the desipn's o 1ity to handle
) y

1




the high pressurcs and repeatable operations required of it, The
[STB engine configuration varies somewhat from the flight-type
englne in the following areas: there 18 no LOX tank pressurization
heal exchanger, changes in material (high preasure fucl line, small
fluld lines, powerhead ducts , and modilied insulation), and the
clectronic controller assembly is not a flight type unit but is a

bench test unit built in racks. The 1S%n has progressed as follows:

Assembly completed Y/13/175
Checkout completed 3/21/75
ISTR shipped 3/25/75
ISTB at NSTL 3/28/175
ISTB installed at NSTL 4/7/175
Test Readiness Review 5/7/75
ISTB tirst firing June 1975

There is no piwbaling planned during the 1STB program.

3.2.2 Subsystems Critical to Crew Safety

For the purposes of this report, the Space Shuttle Main Engine
as a system is divided into the following subsystems:
(a) Combustion devices
(b)Y Turbo~-machinery
(¢} Pooumatics
(d) TPropellant valves

() tydraulics
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(1) Controllex

{p) Tpnloers

M) Electrical harnesses

(i) Instrumcentat Lon

(1) Intercomnects mul 8SME/Orbiter interiaces

(k) Gimbal

As with the Orbiter clement of the Space Shuttle program, the

Pancl recognized that any ome or a combination ol these subsystems
and their components may be considered as affecting crew safety, but
from the point of vicw of the Pancl it was necessary to determine
which of these should be Locused on during the review period, The
basis of this focus was (1) on subsystems and/or components extend-
ing the technical (material, tabrication, ete.) state-~ol-the-arl in
the literal sense or in the application, (?) those sulsystems and/or
components which prior program "lessons” have indicated as arcas ol
concern, (3) arcas which the Pancl members cousidercd most vulnerable
to "human error,” and (+) arcas which can atlect crew salety but which
caunol or will not have been adequately tested or validated prior to
first rlight. With these eriterfa in mind the Panel examined the
following subsystems in some detail:

3.2, Fngine Electronic Controller Asscembly

b2 Main Combust ion Chamber

3.2.2.00 Hipgh Pressure lurbo-Pumps
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3.2.2.4  Heat Exchanger
3.2.2.5 Hot Gas Maniiold

The Controller is significant for crew safety because of its

W .

responaibility for detecting, monitoring, and controlling engine
failure, thrust and propellant mixture ration, and engine starts
and shutdowns and engine gimbaling,

The manifold, exchanger and chamber are of particular signifi-
cance because they have complex welds and are subject to hydrogen
embrittlement during operation. Material safety factors may be re-
duced through flow erosion or fabrication problems, Finally, it is
difficult to inspect the finished item.

Also, the Panel reviewed the tollowing areas to assure that risk
assessment was receilving appropriate attention:

3.2.2.6  POGO
3.2.2.7 Ground Operations and GSE
3.2.2.8 Hydraulic Fluid

3.2.2.9 Lightning Effects

POGO results from dynamic coupling of the structure, propulsion,
and [light control subsystems during all phases of powered flight
under all possible pavload variations, Thus POGO suppression hard-
ware has had to be designed to eliminate coupling and the resultant

structural instabilicies,

Ground operations and ground support equipment are being developed
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to discover failures and predict malfunctions before they occur.

The Panel had asked the Program to review its use of "red oil"
hydraulic fluid and consider alterna.ive hydraulic fluids that are
more fire resistant. The Program has made a change and the Panel
reviewed the new choice.

Lightning was a concern because of its impact on such subsystems
as the Controller.

3,2.2.1 SSME Controller (Electronic Controller Assembly)

Systems Desgign

The SSME utilizes a full-authority digital electronic control
with hydraulic servo-actuated valves. The Controller operates in
conjunction with engine sensors, valves, actuators, spark ignitors,
harnesses, and an operational computer program (sofiware) to pro=-
vide a geli-contained system for:

(a) Closed loop engine control.

(b) On-board engine checkout.

{(c} Engine limit monitoring.

(d) Engine start readiness verilication.

(¢) Engine start and shutdown sequencing.
()} Engine maintenance data acquisition,

The engine/controller functional relationships are shown in

Pigure 19, The controller electronies arranpement is shown in
Figure 0. 1n that same tYipure is shown the responsibility of the
81

y oo




twoe Honeywell organizatious.
Characteristica of the Controller ol interest are:
(a) Overall dimensions ........... 23.5" x 145" x 17
() Wedpht viivienninnrenonnrnnnes 197 pounds
(¢) TInput power trearesarraarens. 472 watts to 636 tatts
(4} cvonvective cooling ..vvvur.... (primary mode)
(v}  Temperature covironment ...... operational -50° to + 95° F,
Non~operational - 200° to + 200° r,
(1) Vibration environment ........ sinc 2% g's peak
random 22.5 p's root mean square
() Unit is mounted on engine using a three-point hard-mount.
The eclectrical harness assemblics between the englne interface and
the Controller are of two types - conventional and 1lexible armored.
Conventional harness is used where redundant clectrical Tunctions are
carried throuph separate connectors and will be physically routed
hndependent ot cach other. Flexible armored haruess is usced where
redundant electrical functions cannot be physically routed separately.

Panel's Initial Review

Prior to reviewing the Controller program, the el requestoed
specilic intormetion as backpround Jdata on this critical hardware.
Me document s requested were () reliability analvsis and test data
that documented the tontreller cont iperation and its projected abilit v

to support mission objectives, (M) prediction analyses tor the ex-




pected mean=time-betweon failure rates and the basis upon which such
predictions were made, (3) rrade-ot: studics between the Controller
using plated-wire type memeries and a design using the latest ol the
more tradicional type cores. This material was received and re-
viewed by the Panel and statrf, Typical data included in the reaponse
is shown in TablesVII (o IX .

The Panel then undertook a svries of inspections.

Status of the Controller pProgram in the carly summer of 1974
looked like this:

(a) Design verification tests were completed on the input
clectronics, output electronics and the computer interface electronics,
The digital computer processor logic was proved through the use of a
Honeywell HDC-601 computer unit and on the engineering and bench test
SSME controller assemblivs,  The digital computer memory design, in-
cluding the use or plated-wire, was proven chrouyh Lesting of a "half-
stack" unit, The half-stack test was a test using a rack-mounted
integrated memory assembly,  The Controller power supply was under-
goine expedited document at ion (spucificntions, etc. ), pProcurement,
and fabrication, At the same time power supply breadboard toests
showed that therpe were numerous problems with the desipn,  Some ol
the problems agsociated with the Hubsys(um/circuiL/cumponent items
WL powel supply voltage below mininum allowable, output ripple, and

latlure ot inverter lrausistors, mas(er interconnect board pins and
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socketa pulling out, deflecting or not matching., SM-1 (structural
model) vibration testing had revealed foam vetention and seal problems.
There were parts' problems with integrated circuits and conpectors.
lutegrating the dipital computer unit components was a problem as was
the invegration of the total Controller., Noise in the menory and
parity errors in the computer unit also were concerns at that time.

Thermal design of the package was verified by analysis and tests
on the structural model (SM-1), which was not, of vourse, exactly
like the flight desipgn. However, given the excellent corrclation be-
tween analysis and test results and the piece part temperatures and
corduction rates to the case, there was sufficient margin remaining
in Lhe design to allow for production process variables and lor some
moditications,

Vibration tests were conducted with the SM-1 unit which verified
that the general packaging concept would mect the requirements. Prob-
lems surfaced with regard to the case aluminum scal which leaked,
cxcessive resonances in some of the parts, and the retention of the
halr-stack card and foam assemblics. Solutions lor these mechanical
problems were identiried but rurther testing was necessary to prove
that the solutions would actually work., Environmental test for salt,
humidity, cte. were to be conducted. Pesign veritication testing tor
thermal conditions was to be conducted on the memory boards, printed

wvire baards, and master interconnect boards,
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A necessary adjunct to the development of the Controller hard-
ware and software are the many test items and facilities which prove
deaign and fabrication concepts and validate the prototype and flight
hardware, The software verification facility was operational, the
degign for the command and data simumlator desipgn complete, and hard-
ware test equipment of many types were built and in use. BSuch test
equipment &s "automatic wiring board test stations', "power Supply
Conditioner Test Unit," and "Memory System Exercise:' were proceeding
satisfactorily.

Solftware desipgn was demonstrated on the Controller engineering
model and the bench test units. The electrical interface between
the eugine and the Orbiter was verified as was the ability of the soft-
ware to conduct engine start, mainstage control, and engine shutdown.
At that time the computer acceptance test program desipgn was com-
plete and 957 debugged, the Controller acceptance test program base-
line degipn was complete but not debugped, and the operational pro-
pram Jdesipn was complete with 307 of it coded and debugged.

There was adequate experience with the development of the plated-
wire memory to warrant confidence in the technology. lNowever, there
did not appear to be an understanding ot the fundamental physics to
assure that surprises could be anticipated and a timely course ol
resolution decided upon and implemented. 11 additional surprises did

oceur, they probably could be solved by trial and error, piven sutii-
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client time, but auch surprises would probably impact the then very

tight schedule requirements. At that time the half-stack rest of

the rack mounted integrated memory syatem and the structural thermal

verification program werr completed, Fabrication improvement was

indicated by the acceptance trend of plated-wire assemblies,

While there was no single reporting formac available which

systematlcally stated the significant lessons learned from the Viking

program and their disposition with regard to the Shuttle Program, the

new program manager had his staff review the minutes and audits from

numerous Viking reviews and fdentily specific actions. As a result of

this review, degign changes were incorporated into the Bigital Computer

Unit. Daily production schedule reviews were instituted with closed

Loop corrective action and follow-up tor all problems defined. The

Process specilications and the training program tor he production

and inspection workers were strenpthened, Management and supervisory

levels made it their business to have more contact with the total

Viking and Shutele personnel.  Viking awdit disciplines wore ine

corporated inca e Honevwell basice management and technical system,

Current Seartus

Since its initial review in the sunmer o) 1974, the Panel has

examined the SSMF and jes Contraller in September 1974, Jdanuary 1975,

and April 1975, The current Comtroller stactus as seen from these ro-

views looks like this:
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(a) 8M~1 (structural model) thermal and vibration teats
have been completed and the structural and thermal mach models have
been verified,

(b) The breadboard controllers BT-1 and EM=-1 have heen in
use and the Controller functions such as start=-up and shut-down have
been demonstrated.

(¢} The command and data simulatars have been used ex-
t2ngsively as have the Controller checkout congoles and laboratory
model computer used in the integration of the Controller subassemblies,

(d) The digical computer unit number SN-1 has been com-
Pleted and integrated in the first prototype controller, Pp-1.

This unit, however, has experienced intermittent parity errors which
are under study at this time. All or the Controller functions of the
PP-1 have been exercised and some out-ol-specification conditions have
been surlaced which also are being examined for proper resolution,

() The quality of the workmanship and inapection system
has been improved, with the result that the rejection races for such
things as plated-wire memory boards has been reduced to a very
dcceptable level,

(£)  The BT-1 unit, to be used with the SSME Integrated
Svstem Test Bed test program, was successiully checked in March 1975
and has been delivered to NS ror installation into the I1STB 1a-

cility.  SSME (o Orbiter intertace documentan fon (Leh 13ML5000) hias
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been issued and is under standard control of the configuration control
syatem and the interface working proup,

(8) Operational philosophy for "out of limic" signals has
been defined and agreed to as shown by the current design, This

design provides for cngine sensor inputs to be out-of~limits three

consecutive check periods before the input is "declared" failed, which
is called a "three strike" concept. A part of this system provides
for rechecking critical parameters immediately during the same major
status loop check. A major status loop check takes about twenty mil
seconds. less time critical parameters are rechecked during the next
two major sense-reporting cycles. At the same time the out-of-limits
data are not used by the engine coutrol system at that time. For in-
ternal Controller parameters the "two-strike" concept is used in which
two consecutive out-ol«limit conditions must exist before that item is
declared 'tailed." Short term anomalios will not causce pre-mature
loss of redundancy, c.p.. shifting to the second computer section of
the Controller or engine shutdown.

(M)  The power supplv units for use in the PP-1 and PpPP-2
tontrollers have been completed and tested satisfactorily. fDesipn
veritication tests have been conducted, resulting in a low degree of
clectromagnet ic interference beyond specitication limits. This does
nat appear 1o be a major problem,

(i) Maaster Interconneet Boards, because of their complexity,
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have poscd numerous production problems. Four have been built for
use in the PP-1 and PP-2 units  in addition to the development units.
To date the development teats have been completed.  Manufacturing pro-
b ceases along with alignment [ixtures and insertion tools have been
established., The design verification test hardware is being built.
t A problem still to be resolved fs the noise being coupled into the
memory sense lincs due to wire routing and inadequate shielding.
Modifications are being incorporated to add sensc-line-shielding on
the Master Interconnect Board and to reroute control sense lines,
Additional improvements are being evaluated in case they are necded
in the wiring approach to the memory arca ot the board,

(j) Four memory systems have been built Tor the PP-1 and
pp-2 Controller units and twelve halt-stacks have been built and
tested.,  Several hours of memory operation have been accomplished at
the digital computer unit level.,  There have been intermittent parity
errors, and a noise problem has been identificd in integprated testing
vl the tontroller. in addition to the fixes to the Master Interconnect
Board, changes to increase the memory plance shielding and plated-wire
output are being studicd in order to increase the sipnal to noise
ratios. To put the parity error problem in perspective, Lhe extent
ot the testing on the two memory channels should be considered. Channel
"A" operated over the temperature range at the digital computer level

for eight hours with only & single occurrence of parity error. Channel
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"W had errar-~free operation over the temperature range lor some % hours
at the memory aystem level of installation, and approximately 100 hours
ol operation at room temperature with comparatively {ew fntermittent
parity errors at the Bigical Computer Unit level,
(k) The basic seftware clements and/or routines are as

‘ollows:

Executive

Ground checkout

Self-rest

Start preparation

Power range control

Vehicle commands

Limit monitoring

Sensor processing

Output monitoring

Failure response

Post shutdown
constraints on the software programs arce the memory size ot 10,384
words amd the Controller major eycle time ot 20 millisccomds. 1n
Becember 1974 the menory capacit - was exceeded.  As a result there
is an ettort at this time to reduce the word requirement by proper
ol tware prograrming and or some reduction in requirements. At this

time the cmphasis is on weeting the SSME Integrated Subsystoem Test
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Bed program.  MSFC noted that conslderable offort has heen placed on
providing the proper soltware. For example, the contractor vatablished
A shifc operation, Schedules are also eatablished and progress iy
veviewed on a daily basis, "Memory scrub proups' have been eatablished
at lleneywell, Rocketdyne and NASA,

3.,2.2.2 Combuation Devices

Systems Desipn

The function of the Main Combustion Chamber is to contain and
dircct the forces of combustion generated by the burning of the pro-
pellants. The hot gascs are accelerated to sonic velocity at the
throat and supersonically expanded to an area ratio of 5:1 at Lhe
interface with the engine main nozzle, The Main Combustion Chamber
consists of a structural outer jacket, regencratively cooled liner, and
inlet and outlet manifolds. Two thrust vector control struts are
attached to it as are mounts Lor the ecugine electronic controller
assembly.  The Main Combustion Chamber rlabrication problems or con-
cerng are similar to those desceribed tor the hot-pas maniltold unit.
In addition the cooling of this combustion chamber requires a rate of
heat removal three times higher than any previous liquid tucled engine,
100 btu/tlj/suc. The number o! welds used in producing the chamber
are about 112 or which 16 are clectron beam welds,

turrent Status

Miin engine combusion devices have had fabrication probloms dur»

91




Lng, their development period,  Maln cCombust Lon Chuwber and nosele
tabricatfon has been completed o support of the Intepriated System
Tear Bed program hardware, docblding sucecsninl proof=testing to 1,2
Cimen the rated-power Llevel operating condit tong, or about 0800 psi,
The augment ed spark fpnlter has been demonst rated sweeessiully, in-
clhading a 600 second run at Tull power level conditlonsg,  Subseale
aadel ot the main dufector (GO0,000 poand thrast andt) has been demon-
stratwd.  Hot five tosts have been conducted on the oxidizer pre-
burner aml the tuel preburner, whiech all appear to mecel performance
requirement s, Flow indueed vibratiou was noted in some of Lhese
tests, but this apparent ly has been remedied,  The LOX tank pressuri-
sation heat exchanger, located in ihe LOX side of the hot pas mani-
fold assembly, is a critical item in the engive combust ion systoem,

e present heat eschanger design requires rivid manuracturing and in-
sSpoect ton control and veritication tuest ing to assure an acceptable unit.
Rockeldvine toels that (his can be accomplished,

.00 turbomachines

systems Desipn

Me high-pressure el tuebopump receives tuel rrom the low-
pressure tuel pump and boosts e pressure to the level required for che
pre-burners.  The tael id then discharged throupgh the high-pressure
tuel punp discharye duct to the main tuel valve,  his tuacbopump con-

sintu o a4 three=stave contvitueal pump Grive by o twosstage reaction
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turbine.  Imring propellant conditlonlang, the Lirtefy seal is closed
around the puap shait, preveotiog Ll svom Vlowing fnto the turbine
arvea amd out throngh the hor=pas manliold to the maln Injector, A
cupdne stavt, the lirtott aeal Ja actuated by the punp pPressure at
a pump speed o approximitely 7000 vpm. During mainstape Iiriag,
the pump reacts to thret tling comnpands by changing digcharpe pressare
and $lowrate. The Litt-ort seal reseats when the panp pressure de-
creases Lo a specd of 7000 rpm.

The high-pressure oxidizer turbopump receives oxidizer from the
Low pressure pump and bhoosts the pressure to . sutticient level (o
provide adequate flow-rate and pressure to the (hrust chamber and (e
preburners.  Engine start activates the punp intermediate seal purge
that provides an inert barrier between e pump and turbine during
operation.

Lurrent Statlus

Material  presented to the Panel indicates that the turbine no.szle
castings and turbine strut torgings around the turbine have been the
major problem arcas, The initial vendor was unable to cast the
nescles due to shrivkage, vailure to 1ill molds, and erratic material
problems.  Jo vre<olve the problem quickly, a chanpe in vendors was
made in July 1974 and noseles were successtully cast using a new
material (INCO 71300 instead ol MAR-M-246). 1t turned oul  Chat the

Lite rtor the 7100 type noscste casting was Pnadequatt e, Work was re-
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sumed on the use of the original material and it was found that the

new supplier was in fact able to produce successful nozzles with
MAR-N-246 material that now appear to meet the turbine nozzle require-
ments. Thess noz:le castings are still receiving MSFC's attention to
assure adequate hardware is available for the early engines in the SSME
program. The turbine inlet struts had some material problems regard-
ing acceptable axial strength of the forgings. This problem has been
resolved and the forgings are adequate to meet program needs.

3.2.2.4 Heat Exchanger

System Desipgn

The heat exchanger provides oxidizer gas pressurant for vehicle
LOX tank pressurization. This heat exchanger is a multipath, single-
pass, cross-flow device installed in the LOX side of the hot-gas mani-
fold at the high-pressure oxidizer turbopump turbine exhaust. The
supports for the heat exchanger tubes are mounted to the liner wall so
as to allow small movements during expansion and contraction of the
tubes. The tubes enter and leave the hot-gas manifold through flared
projections of the manifold liner. The flared projections provide stag-
nant gas pockets for reduction of thermal stresses at the tube-to-oxyger
manifold attach welds. The heat exchanger is depicted schematically in
figure 21 . The major concern here is with the heat exchanger coil
material and its ability to pe assembled and then to remain virtually

leakproof during its operational life, For instance, a leak could
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permit ignitable mixtures ot oxygen and fuel=rich hot gas to enter
the oxygen supply line or allow oxidizer into the hot pas manitold with

fgnitlon that could also damage an ad jacent coil or the Liner and mani-

told wall.

Current Status

The desipn amd manuiacturiog approach being ased to reduce the

possibility of this hazard include a number ol actions.

An ultimate factor of satety of 1.75 is used rather than the
usual 1.4, Where tatipue lite of 240 cycles normally is required,

this has been incrcased to 1450 cycles jor bifurcation joints, to

4500 cycles for weld jointa, and to 26,000 cycles foT parent metal.

pesign veritication glructural tests will {nelude leakage checks,

ultimate pressure, and low cyele

vibration, prool pressure cycles,

latigue lests.

Qualivty conlrol on components will use ultrasonic, penetrant and

x-ray, and helium Leak tests (1 x 10 b gee/see at limit pressures).
The Panel quust ioned the use ol a leakape rate of less than 1 x 10 -b

see/see at limlt pressures not iny that this leakape rate uppeared
excessive in determining the aveeptability ot the heat exchanper,

This is being recvaluated at this time.

A modification heldng considerad to the 1LOX pressurant control

aystem which would fnterconnect the hend exchanper dlscharpe up-

whtieh would fnsure valve

af ream of the orbiter {low contrel svstem,



inlet pressure being above the hot-pas manifold preasure.
3,2.2,5 Manitold
System Deaign

e hot-gas manifold serves as the atouctural nueleus ot the
enpine and provides gas passage interconnect fon tor the preburnexs,
high-pressure turbopumps, and the wmaln injector. Hydrogen-rich hot
pas  Gydrogen and oxygen) flows through this minttold and then into
the main injector,  Cooling of the hot-gas manitold is accomplished by
using double wall contruction (1 structural outer wall and an doner
Liner), This provides a tlow path tor hydrogen gas coolant vahausting
from the low-pressure hydropen turbine. This contiguration isolates
the structural wall trom the hot pases {lowing within the inner liner.

Current Status

Tis hardware 15 tabricated with comples weld which has  required con-
slderable in=process rework at the tabrication location, ritical to
achileving successtul weld is the alipnment ot the joints amd the
materials and processes developed tor such weldg,  Proper alipoment
roduces the stress concentrations and diseont fnudties that normally
cause problens in wolds . ALL manitolds are analyvoed tor weld
adequaey, o turther reduce  itduced stresses, prestratuning and an
anneatbing, heat treatwent s are wtilised,  lUwdropcn-vich mixtures,

part ivalarly at Wigh pressures (up Lo OO0 pai o in part ot the cupdned,

leads (o the possibiliovy ol metal embritt lement problems,  The
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padsibibity ot cracks, warpage amd stractural tailures obviogsly allect
the enpine operation and pertormance from aitmple gas leakage Lo ecupine
shutdown, aml in extreme casges potentdal ot compartment 1ire or ex-
ploston.  Based on the matertal provided to the Panel, NASA and its
cont ractor are aware ol theae problems and continue to place very
heavy emphasis on eliminat ing the tabrication and material problems,
and on the test program o validate the desipgn and manmutacturiog
Provesses.,

V2o POGO Suppression

The P'roblem

POGO ia not only an S8ME problewm but also mast be vicwed Lrom
a Msvatems" standpolnt. The discussion heve deals with the hardware
as carrent ly designed and as attached to the 38MP's themselves,
Svatems integration aspects are covered in morve detail in Section o
ot this volume.  the Pancl's concern with POCO cttects goos back 1o
Haturn ¥V olauneh velticles in the Apoallo prograwm,  Most larpe, pump-
ted rocket vehvicles have had modervate Lo severe longitudinal oscillations
causad by POUG instabilicy, Such oscillation can vesualt in an eaviron-
ment severe cuough (o cause scructural damage and attect crews physio-
topically,  PACO i1 o closed=loop phenomenon involving 1 luid=reed=svstoem
pregaure oscillations which result io copine thrust perturbat jons and
structural motions,  These mav be viswaliced as bepioning with samall

vehiicle  accelerations that produce variations in propellant pressure
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and flow ratea, which in turn cause thrust variations, r¢mlting in
increasing vehicle os¢illations,

Elements of the Space Shuttle Vehicle system finvolved in POGO
are:

(a) Long liquid oxygen supply line.

(b) Asymmetric Shuttle structure and thrust vector couples,
and coupling of flight control and POGO instabilities.

(c) Main propulsion system (SSME's, ET, etc.) which oper-
ates from lifroff to orbit with extreme changes in vehicle structural
characteristies and turbo-pump inlet pressures.

(d) Space Shuttle's main engines themselves, with their
LOX and LH, high and low pressure dual pump systems.

The depth of NASA and contriactor efforts to assure that POGO
does not become a Shuttle operational problem can be seen in planning,
documentation, testing, and analytical work being performed Lo re-
solve this concern. 7This includes the "POCO Prevention Plan” JCS 08130,
dated January o, 1975, as well as studies to determine the need tor
POGO suppression, and to add the suppression system.  Such groups as the
POGO integration Panel and the indepemdent MSFC POGO analysis team,
have been working this challenge.

Suppressor design requirements have becn detined as follows:

(@) Tocation as close as practical to the High Pressure

Oxveen Turbo=pump,
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() Volume about 0.6 cuble teet or equivalent with abil-
fty to increasc to more than one cubic oot {1 Lest program fodi=
cates this to be necessary.

() Damping of tluid surpes (frequency of pulses) over a
)

-

broad freguency range; inertance less than 1.1 x 10-1 ach/ln .
(1) Minfmal (luid pressure-~drop in the suppressor,
Comparison between the Saturn Voand Space Shuttle engine/fludd
syatems La shown in Figure 227, The POGO suppression svatem and its
components are shown in Figures M oand 2%

gurrent Status

POGO wmechanisma are known (o be complex, dauml a continulng ana-
lvtical program is being pursucd to understand the phenomenon and its
implications. The suppressor has been baselined,  An extensive prowud-
based propram is being conducted to verily the desipn. Extensive use
has been made of Saturn data in designing the test program. Teats ave
being conducted at MSEC, Mart in Marictta Company, Rocketdyne, awd NSTL
gites.  The location, type, sise amd inevtaned ot the proposed svstem
have been arvived at atter a thorough desipn trade-ot atudv,  Analvais
ot abort sttuations aud their impact on the desien ot the POGH suppres-
sor have (o be accomplished to assave maximum satetv,  But the proot-
ol ~the=pudding can only be jound during tlisht tests ander actual en-
vivonmenl s,

1t appears that the Yiquid hvdrogen does nat contribute to any
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degree to the POGO problem, and there {4 po apparent need ‘or a
suppression device in the liquid hydrogen fuel aystem.
examinations indicate that the Solid Rocket Motors do not contribute

to any degree to the POGO problem, but the analysis is continuing.

3.2,2,7 Ground Operations and Ground Support

SSME's are designed for automatic checkout and fault isolation,

use of "line replaceable units' with good accessibility and long life,

and to accommodate the so-called "

concept has as its objective the ability to discover tailures before

they occur, using nondestructive cvaluation methods, and to eliminate

premature maintenance,

SSME controller assembly has automacic checkout capabilities for
self-test and f[ault isolation to the line replaceable unit level,

Working in conjunction with pround cquipment, it conducts the tollow-

ing teats:
(o) Pneumatic
(b) Actuator
(¢} Sensor
(d) Flight readiness tests

()  Redundancy veritication

Panel intervest will continue in this arca to assure that ground

operations and cquipmwent do not adversely aflect the eonpines and

condition monitored" concept. This

freliminary

associated hardware during maintenance and preparation for launch. !
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The following (8E status wWAs presented 10 the Panel recently:

(a) There are no aignificant G3E problems known at this time.

(b) While economic problums have resulted in quantitative

reductions of GSE, there have been no quantitative eutbacks that would

affect safety.

(¢) Major GSE units have completed design verirication

testing.

(d) Majority of GSE components are now in service,

3,2.2.8 Hydraulic Fluid

Introduction of the MIL-}-83282 hydraulic oil in place of the
original "red oi1" has been made at all locations working on the

SSME: NSTL, MSFC, Nydraulic Rescarch Company, and at Rocketdyne.

To date there appear to to be no functional problems agsociated with

the use of this fluid, and laboratory tests continue to be conducted

to assure that the fluid when in upcrational use will meet requirements

upder all induced cnvironments.

4.2.2,9 Lightuing Protection
The requirement currently on contract tor liphtning protection is

MIL-B-50878, Amendment 2, 31 Aupust 1970, "Bounding, Flectrical and

Lightning Protection tor Acrospacd svstem.'  Use ol this standard is

currently under review, with the probability that it will be replaced
by the NASA publicat ion A8¢ 07630, MsSpace shut tle Liphtoing protevtion

Criteria.'  Asscssments are being wade duriog the May 1975 Clme=prame
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with regard to lightning field amperage components, direct atrike
capability, launch constraints, cable shielding requirements and cost
and weight impacts, Results of these asseasments will be examined by
the Panel during upcoming reviews. Lightning protection for the
Shuttle as a system is discussed in more detail in Section 6 of

this report.
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1.7 External Tank Project

The Fxternal Tank is a part ol the main propulsion syaitem, along
with the main engines and interconnecting portions of the Orbiter
vehicle,

In this section the discussion will be devoted expressly to the
external tank and peripherally to those significant intertaces with
the Orbiter and Solid Rocket Booster that affect crew safety.

The External Tank is the only element of the Shuttle system
that is discarded after depletion of its oxidizer and fuel resources.
Because it is expendable, great cmphasis has been placed on low cost
production of this tank., The external tank {s being designed, developed
and manufactured by the Martin Marictta Corporation at the Government-
owned Michoud Assembly Facility in Louisiana.

The E xternal Tank consists oi three major components: (1) a
1iquid oxygen tank, (2) an irter-tank, and (3) a liquid hydrogen tank.
1t is of aluminum construction utilizing a spray-on loam insulation
and spray-on ablator for thermal protection., A contipuration is
shown in Figure 25 . In September 1974 a Preliminary Design Review
of the tank was conducted; the Critical Design Review is scheduled

tor the fall of 1975. Fabrication and assembly of the LOX and liquid
hydrogen tanks for the structural test article will bepin in the
summer ot 1975,

3,3.1 Subsystems Critical to Crew Salety
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The rank can be divided into the following subsystems:
{(a) Structurcs
(b} Propulsion and mechanical
{¢) Electrical
(d) Separation and dispersion
(¢) Thermal Protection Subsystem
(f) Ground support equipment and logistics
Purticular attention was given by the Panel to those components
or situations most critical to crew safety. These were chosen on
the basis of the criteria used on other clements of the program -
potential problems utilizing expericnce on prior programs and com-
ponents that could critically degrade the performince of the Orbiter
or SRB if they were improperly designed, could not be tested or ana-
lyzed to the degree necessary for confidence in them, or tailed to
operale during critical mission sequences. To illustrate, the Panel
in its review ol structures gave particular attention to fracture con-
trol. A review of the propulsion system focused on the anti-geysering
system. Review of the clectrical system focused on controlled use of
teflon wiring as well as on lightning protection.
Weight control {is as important a management conccern on the
Pxternal Tank as on the other e¢lements of the Shuttle program. The
next control weipght has been set at 72,300 pounds. With a current

ostimated weight of 71,443 pounda, the margin is 915 pounds. There-
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fore, the Panel is scneitive o the impact of welght control w.
decistons affecting crew satety,
4.3.1.1, Structuies

Syatem Design

The structure must retain the liquid oxygen and hydrogen within
their respective tanks and must serve as the structural backbone of
the launch and ascent Shuttle vehicle as well, Material provided Lo
the Panel indicates that the Jdesign and construction of the structural
portions of the External Tank follow the larpe Saturn tank and Titan
tank methods, as well as the use of current sophisticated design tools
developed by NASA (NASTRAN).

In light of prior program cxperlence, the Panel reviewed the
actions taken by NASA and contractor management to insure that the
initiation or propogation of cracks or cracklike defects in the
External Tank will not cause structural failures or unacceptable
leaks,

Current Status

Fracture control plans have been developed to cover the phases
of design, rabrication, test, cnvironmental control, inspection,
mafntenance, repair, and acceptance procedures. A Fracture Control
Board has been established to assure the plans are implemented. The
strafight polarity TI6 welding process has been selected. Vendors for

eritical formed parts, such as pores and caps, have also been selected.
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Both NASA and the contracior feel that the Inltlal processes provide
a reasonable basls lor confildence,

Some (ractare mechanle  limits for tank welds are shown 1o
Figure 26,

3,3.1,2 Propulsion and Mechanical

System Design

The FExternal Tank propulsion/mechanical subsystem delivers LOX
and liquid hydrogen to the Orbiter interface from the external cank
age.  The propulszion and mechanical subsystem is comprised of the liquid
oxygen feed system, liquid hydrogen feed system, 1.0X tank p. :ssuri-
zation and vent/relic!l system, intertank and tank environmant control
gystems,  The scparation system, normally considerca a part ot the
mechanical and/or structures' system, is discussed under a separate
scction later in this report. There ar: three separate mechanisms
associated with the External Tank propuision subsaystem: (1) intertank
wnbilical discounceet, (2) right aft ET/Orbiter umbilical LOX dis-
connect, and (3) left aft ET/Orbiter umbilical liquid hydrogen dis-
comect.  Only the intertank discvonnect is discussed in this scction
sivce the other two are a part of the in=-flight sceporation systoem.

One of the more gignificant design features of the external
tank that should provide tor preater hardware reliability and re-
duced mission risk is a dual ilanpe seal with the capability of

motnltoring Leakage through the primary seal,  This seal is used at
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all major rtructural tank connectionsa. Sec Flgure 27 .

The LOX pressurization line is supported bty 29 sliding supporta
and three fixed supports. These supports are bolted to [loating
anchor nuts in brackets welded to structure on the LOX tank. A
phenolic insulation block is placed between the support and the tank
to reduce heat transfer. These same supports also serve the larger
anti-geyser line and the electrical tray. Seven (lexible joints
accommodate thermal and dynamic deflections. Figure 28 shows not
only these lines but the LOX propellant feed-system as a whole.

The vent/relief assembly serves two functions: (1) tank vent-
ing during propellant loading, which controls the boil-off rate,
and {2) relief of the ullage pressure to protect the tank structure
in the event that it exceeds a preset value.

The liquid hydrogen feed system is similar to the LOX system.
The liquid hydrogen pressurization line assembly provides the means
for transmitting adequate pressure and Jor the correct rate of flow
of LH» to the Orbiter main cengines, The LH» recirculation line is
a &-inch vacuum-jacketed line which provides a return path for the
hydrogen recirculation rlow that used to thermally precondition the
SSME prior to initiation of engine start. The vent/relief assembly
serves the same two tunctions as the sfmilar system in the LOX feed

aystem,
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e tank eavivonmental control or conditioning ayatem ineludes
LOX, Liquid hydrogen amd inter-tank purge hamdware,  Propellant tank
purge ia aceomplished prior to propellant loading.  The inter-tank
purpe uses dry  pascous nltrogen (o remove contaminants from its
arva and to madntain the temperature of the inter=tank avea at 80 T
degrees V.

External tank=toeprownd Dntertace conalsta of an envivonmentat
contral svatem disconnect, a4 gazeous hvdrogen veat line disconnect,
and LOX and ligquid hvdrogen vent valve pneumat Lo control line dis-
connect s, See Flpgure M9,

The Pancl gave particular attention to the control ot the poasible
hasard of pevsering,  Gevaering Is the rapid upwelling of LN {ato
the tank ullage area; this can cause a rapid veduction of the ullage
temperature, reduce the allage pressuve and, in the worst case, re-
sult tn the collapse ot the VON tank.  This phenomenon hag been towud on
priov large Higuid rocketz and occurs vhen o comparatively high deasity
cervasenic fluld contained ina Tine or tank begins to heat up and
Bubbles torm at a progresgively inereasing vate,  As a bubble mtures
it beefuag o rise through the Tigquid, due 1o its veduced density,
At the same Cune the Tiguid head (presgsarveY on the bubble {8 con-
stant iy befoe reduved. As the bubble moves apward (0 aceelerates
and pushies Piguid ahead o 0, When the bubble veaches the tank, the

Plgutd above it is expelled upwavd through the Figuid suaetace into

i
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the open tank area with great force, It is not unusual for this sluy
of liquid to weigh several hundred pounds. Thus, in addition to the
possible tank pressure reduction, resulting in conditions conducive to
tank collapse, there is a danger of the sluyg itsclf{ hitting internal
structure and damaging the structure and any lines or instrumentation
therein, The return of this liquid can also result in "water hammer"
elfects.
The geydering action is shown schematically in Figure 30,

Current Status

NASA/MSFC and Martin Marietta Corporation have basclined what
appears to be an acceptable anti-geysering system and Ltest prograwm,
all of which must be completed before the initiation of the main pro-
pulsion test program at NSTL., To prevent peysering it is necessary
to apgitate the liquid columm to prevent stratification or layering
during the ground 1111 sequence when lines and tank are relatively
wiarm.  Current design plans are to use helium Injection system as
shown schematically in Fipure 31 . Actual desipgn of the system is
still under study amd analysis because the Lnftial design concept as
proposcd wias considered less than optimum.  Location of the tunction
of the 4=inch LOX ant f-pevser line with the 17-inch LOX main-teed-
Line can potentially cause unpredictable 1'low patterns as well as
mullify the desired cilect ot the system.  This could happen i1 there

is a pround helium supply tailure tor any reason because the LOX vent
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valvea then would close and helfum injection ror anti-peysercing pro-
tection would be terminated, 1t {8 proposed that a proper degree ot
redundaney be provided in the ground aveatem to assure a lail aafe
arrangement, A test plan approach has been developed to support the
LOX anti-gevacring program,  The test plan itaelr is still in work

aloug with the type of hardware and teat facility to accomplish the

abjoectives ol the program. Test schedule is:
Hardware on-site and installation start February 1, 1976
Test start September 1976
Test completion Mareh 1977

Proposcd test contiguration is shown in Figure o

3.0 100 Electrical Subsystem

System eafpn

For the desipn development test and enpincering phase of the Space
shut tle prowram, the external tank clecteical subsvstem includes:
(1) operational instrumentation, (MY clectrical distribution, (3 light-
ning protection, amd (8 development tight  instramentat ton as
apprapriate.

Operat ional {astrumentation inceludes those external tank intrus
meut s required to monitor and control tank-=velated tunctions trom
the start o1 propellant loading throush tank sceparvation.  Fach instru-
ment is oaupposed (o e individoaat v havdwiced thvough the rank clees

trical distribut ton cable assembliecs (o the FT/orbiter ambilical
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connectors. Amperage limit lng protection is provided by the Orbiter
for those circults penetratiog the ET tanks Lo preclude the generation
of ignition sourccs. gince this instrumentation conslsts only of
sensors and cabling from them to the interlace, no circult grounas arc
made to the tank structure. All sensor leads are individually ve-
turned to the Orbiter for sinple point grounding. cable shlelds are,
however, grounded to tank structure to satisfly cleceromagnetic com-
patibility requirements.

Development L{light {nstrumentation is, by definition, non-critical
for external tank operation and wiil be installed ov the maln pro-
pulsion test article at NSTL and on the first six external tanks. The
principal requirement from a satety standpoint is that this instrumen=
tation shall not cause the tailure ol any critical external tank func-
tion. The general desipgn and construction of the development instru=
mentation is the same as previously described for the operational in-
atrumentation. Electrical power for the instrumentation assemblics is
supplivd through the Orbiter umbilical interface. There are two oper-
ational instrusentation cable harnesses inside . LOX apd liquid hydro-
gen tanks, The cables are made ol teflon (FEPY insulated wire, and
the sensors are attached with tixed splices, {nsulated and scaled with

heat =shrinkable TFE (etlon tubing and meltable FEDP tetlon. Each cable
is routed through a separate cryopenic feed=through connector mounted

in the noseplate ot the 1OX tank and the torwird dome ot the 11 juid
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hydrogen tank. The wire bundles fnstde the tanks are spot tied with
lacing tape and supported by corrosion resistant ateel bands with
teflon cushions. The use of teflon (FEP) insulated wire in contact
with 1.0X has been identified as a potential hazard since it includes
both a fuel (teflon) and a potential ignition source (electrical
energy) interfacing with LOX,

The philosophy expressed in NASA's NHB 8060.1A, "Ilammability,
Odor, and Offgassing Requirements and Test Procedures for Materials
in Environments That Support Combustion," is that the design of LOX
systems should preclude any ignition sources interfacing with the
media. Tf this goal cannot be met, any material used in the proximicy
of a source of electrical energy sholl be evaluated in the proposed
configuration, Evaluation should be made using the worst-case elec-
trical and cuvironmental conditions and by applying the techniques of
NHB 8060.1A, Test No. 4, "Electrical Wire Tosulation and Accessory
Flammability Test." Results of the Apollo 13 incident and subscequent
testing have shown that teflon will not pass such o test in a eryogenic
high pressure oxygen environment, Sce Pigure 33 | MSEC has stated
that Saturn Launch Vehicle test experience with tetlon (TFEY} coated
wire shows that: (1) teflon coated wire insulation cannot be {ignited
under LOX by any electrical over=load, () terlon coated wirve insu-
Lation can be ignited in gascous oxygen by approximately 800 clec-

trical overload and will propagate, and (3) in the unlikely event of
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ignition under operu.!-nal conditions, fire will not propagate through
the feed-through-connector at the tank wall, Shuttle sensors are
similar to those used on the Saturn second stage, S-II. Analysis

and testing (similar to that which will be accomplished for Shuttle)
were conducted subsequent to the Apollo 13 incident for the S-II sen-
sors and demonstrated that no safety problem existed, It was stated
that the temperature on the cable will be sufficiently below the sub-
limation point of teflon to maintain a safe condition in the cabling.
The Panel pointed out that while the size of the wires was small and
the potential of applying in excess of the 800% overload appeared
minimal there still could be some chance of a problem, and suggested
further considaration.

Current Status

MSFC will conduct worst-case current overload testing and analysis
in the LOX environment using actual ET hardware and all eircuit pro-
Ltection devices (in their worst-case credible consvquences of their
Lailures}. Testing would include sensor shorts, opens, normal oper-
ation and electronic failure modes. This issue will be considered
resolved il the above testing is successful. 1t was also suggested
by the Panel that all other similar non-metallic materials' appli-
cations be reviewed and appropriate Jdisposition made,

The External Tank desipgn incorporates features Lo protect the

structure and subsystems from the divect and indirect elfects ot
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triggered atmospheric discharges during transportation, prelaunch,
launch and flight operations. Methods employed to provide lightning
protection are intended to assu.e that low resistance paths are pro-
vided on the External Tank surfaces to distribute lightning currents
b through the structure andto guide currents around or over nonmetallic
areas. At this time lightning protection on the nose cap consists of
a short nose rod and conductive aluminium strips cemented onto rhe
i vehicle and electrically bonded to the structure. The LOX hydrogen and
) inter-tanks incorporate thin aluminum strips, adhesive-bonded to the
i external insulation suriace and electrically bonded to the LOX tank
skin, Further protection measures include the use of twisted wires

on all internal circuits and twisted shiclded cables in exterior

b cable tunnels,

‘ The only significant problem noted by MSF. was the possibility
that the diverter strips could debond or melt in flight and the re-

) sultant debris could possibly damage the Orbiter in some manner.,

This problem is curreantly under study to determine alternate desipgns

and to further understand the impact ol strips melting or debonding,

3.3.1.4 Separation and Ulsposition

The External Tank interiaces with the Orbiter and the Solid

Rocket Boosters.  In the mission events time-line, the Solid Rocket
Boosters are separated from the External Tank/Orbiter combination and

then the External Tank is separated from the Orbiter., The ET/SRB
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attach configuration is shown in Figure 34 , and the aft and forward
attach configurations between the External Tank and the Orbiter are
shown in Figures 35 and36 . The separation hardware in both the
Orbiter and Solid Rocket Booster case are designed by their respective
contractors (Rockwell International and Thiokol) and not by the tank
contractor since the External Tank portions of separation interfaces
are passive. Martin-Marietta Corporation does support the Rockwell
International and MSFC (SRB) efforts in defining, designing and test-
ing the separation hardware. Aspects of the ET/Orbiter separation
have been discussed under the Orbiter Section 3.1 and the same will
apply to the Solid Rocket Booster Section 3.4. Only those Orbiter
and SRB actions that can affect the External Tank's ability to sep-
arace safely and be disposed of during its return to earth are dis-
cussed here,

The Solid Rocket Booster (SRB) separation from the External Tank
(ET) follows this sequence: (1) Orbiter receives separation cue from
the Solid Rocket Booster, (2) Orbiter avms' separation system pyro-
technic initiator controllers on both of the SRB's 0.8 seconds after
the Orbiter cue is given, (3) Orbiter issues fire commands to
separation system "A" on both SRB's simultaneously 2.5 seconds after
the Orbiter cue, and (4) Orbiter i{ssues fire commands to separation
system "B" on both SRB's simultancously 40 milliseconds after the

system "A" fire commands.
Yy
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Actions to be taken if fTor some Teason this separation dues not
take place are to be examined further by the Panel, All the prime
contractors and the NASA Centers are involved since this is an ‘ntex-
face problem.

The External Tank scparation from the Orbiter follows this
sequence: (1) forward Orbiter reaction control system deployment,

(2) fluid and clectrical umbilical separatiomn, (3) forward and aft
structural attachment release, and (4) Orbiter maneuver awady from the
External Tank. Sequencing of a1l separation operations aus commands

are initiated and controlled by the Orbiter. As a result of new

loads analyses for the ascent portion of the mission, the External
Tank/Orbiter aft attach loads have increased, requiring hardware modi=
fications which do not appear to unduly stfect the separation events
mentioned above. There are som salety concerns that result from the
separation process which have been discussed with the Pancl: (1) LH,
and LOX trapped between the feod=line ¢losure valves and released as the

External Tank and Orbiter sceparvate pase a potential fire/explosion hazard

and, (2) External Tank recontact with the Orbiter vehicle primarily

| due to Orbiter hardware problems.

External Tank entry and disposal arter release from the Orbiter has
4 been of great interest to the Panel. oround rules, congtraints, and
puidelines applicable to the Extornal Tank disposal problem have been

stated as:
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(a) No External Tank impact below 60° South parallel, based
on State Department international agreement,

(b) External Tank impact locations shall be in ocean areas
with minimum ship traffic densicies,

{(c) External Tank impact locations shall be ro closer than
200 nautical miles from land masses.

(d) External Tank impact location and dispersions are pre-
dictable.

(e) External Tank rupture for nominal missions shall not
occur above 240,000 feet altitude,

(f) External tank distruct from any cause shall not occur
within four (4) nautical miles of the Orbiter,

On normal missions the External Tank separates from the Orbiter
at almost orbital velocity. The impact site is therefore sensitive
to variations in the tank velocity and other conditions at separation.
The question then is whether the selected design can ensure that the
tank or the debris will always land in an acceptable ocean area.
Aborts and catastrophic situations during launch and ascent also must
be considered, and the added hazard of having large quantities of pro-
pellant and oxidizer under such situations must be taken into account.
A major consideration in the proper disposal of the tank is the

point in the ascent at which time the Orbiter main engines are cut-

off. The detinition of the MECO (Main Fngine Cut Off) is currently
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baselined ag accurring at an altictude of 60 n. mi. for nominal misaion

and at 55 n. mi, for an "aborc-ance~around" mission. BRased on thege

altituden, the MECO conditions for a launch frewm KSC are as followa:

(&) For a nominal mission, the altitude or 60 n. mi., with a

velociLy of 25,383 feet pexr second and un angle of attack of 0.5 de-

) grees,

(b) For an abort mission (AOA), with an altitude of 55 n,
- mi, with a velocity of 25,317 feet per second and an angle of attack
-
i of 0.75 degrevs.
» (¢) For the return~to-the-landing-site (RTLS) abort mode,
B the MECO target is at 230,000 feet (37.8 n. mi.) with a velocity on the
- order of 6,500 rps,
E: These MECO conditions for a launch from KSC are valid for a wide
? variety of launch inclinations and payload weights, Figure 37 i{s
; typical of the tank disposal landing lootprint for nominal and ADA
' conditions,
:. There are two ma jor challenges associated with the safe reentry
—s

of the External Tank. The fir t i3 the premature breakup due to

LOX and hydrogen tank Tuptures as well as determination of actual

breakup altitude and uncertainty ol the

;

dispersion of the resultant

debris, The second is the inability to assure tank impact predict-

ability without the use of system that causes the tank to tumble,

The tumbling condition must be achieved before the tank has any chance
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of "akipping" due to acrodynamle lift, as well as having a tumble rate
L that preventa the occurrence of the "frishee" ctfect, which occurs at
too high a tumble rate, Typical effects of three different nominal

entry conditions are shown in Figure 38 .  These assume a tumble

TN W -

rate of 30 degrees per second maximum and * 1.3 degrees per second
' as minimums. The (risbee ctifect shown in Figure 39 becomes notice-
able at tumble rates in excess of 30 deprees per second, Prematuse
tumbling might alsc result in contact of the External Tank and the

Orbiter. As a result of current studies, the following Lwo ground

e o e

rules have been established for an acceptable tumble system: (1) no
tumble actlon to be initiated prior Lo 00 seconds after separation
from the Orbiter, and (1) acceptable tumble rates are b-tween 10 and 50
degrees per second. Me tin Marietta Corporation curreutly is conduct-
ing studies to refine and detine an "optimum" system Lo satisfy the
ground rules noted above. The systems being considered are:

(1) Blow down, using LOX vent valves

(b) Solid rocket thrusters

(¢) LOX and hydropen tank "blow holes,"

3.3.1.5 Thermal Protection Subsystem

In November 1974 the Thermal Protection Subsysiem bascline was

changed due to a signiticant increase in expected thermal heating
cuvironment and to a requirement to mindmice ice formation and fts

impact on the Orbiter,  This new baseline data atlected the insulation
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material used on Lhe three major seciions of the tank: 1LOX tank in-
cluding the nose cone, the inter-tank, and the hydrogen tank,

Current design thermal inputs to the External Tank segment s
basced on analyses through bDecember 1974 are:

(@) For the LOX tank forwardoglve scction the induced ther-
mal environment can be as high as 10.5 btu/ftz-sev, but new hypersonic
wind tunnel data fndicatesa value that could be as high as 16 buu/re?-
sec, The LOX tank, inter-tank and hydrogen tank thus are considered
to be subject to heating values in cxcess of that normally acceptable
for the proposed new insulation material (Upjohn CPR-421 spray-on foam
insulation (SOFI). The CPR-421 is considered appropriate for heating
vitlues up to about 6 btu/[tz-sec but are unacceptable at valued around
10-11 btu/ft-sec. The material used on structure subjected to very
high heat rates is an ablator material called SLA-561 with a silicone
sealant coat. These arcas include the Orbiter aft attach strut, for-
ward attach strut, liquid hydrogen icedline and crossheam, and the 1.0%
tank conduit,

In addition to preventing ice lormation and heat input to cryo
tluids, one ol the major reasons for the insulation is to precelude the
air liquirication because liquid air is bigh in oxygen content when
boiling of1, and compatibility problems exist when it contacts hydro-
carbon materials.

NASA and the prime contractor arve currently cvonducting studies
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and tests to eatablish an insulation configuration that will satisfy
known induced and natural environments with a capability for future
possible heating rate increases., They feel that neither trajectory
shaping or external tank configuration changes are practical methods
of alleviating this problum.
3.3.1.6 Cround Support nnd Lopistics

The mode of traasportation [or the External Tanks to the launch
site has been scttlad, Barges will be used in a manner aimilar_to
that for the Saturn launch vehicle stage movement (S-IC and the S-1I).
The use of any carrier aircraft has been ruled out at this time because of
the modifications required, cost and safety implicatioms.

To assure propellant and oxidizer cleanliness, the following re-
quirements have been levied on the External Tank system:

(a) The LOX and hydrogen tanks will be cleaned per MSFC -
Spec - 164A, with no particle larger than 1000 microns,

{(b) At the exit of each tank, propellant screens will be
installed, For the hwdrogen tank this will be a 4C0 micron “"plass
bead rated" screen, and for the LOX tank an 800 micron "glass bead
rated" screen,

(c) All lines ard components downstream of the filters
shall be cleaned to a maximum particle size of 400 microns for the
liquid hydrogen and 820 microns for the LOX.

1t was notvd that the External Tank design common fill and de-
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livery lines inaure that any contamination introduced into the syatem
during propellant loading will be delivered to the main engines, There-
fore, the ground systems aad the Orbiter lincs have to be cleaned to

at leaat the same levels as the External Tank lines which interface

with the Orbiter.




3.4 5olid Rocket Booster

Prior to lifteoff the Orbiter Main Engines are ignited and
brought to full thrust and both Solid Rocket Motors are armed
and ignited from simultaneous ignition commands. At approxi-
mately 150,000 foot altitude, the thrust of both Solid Rocket
Motors will have decayed to less than 25% of nominal. At this
time separation of both Solid Rocket Boosters is initiated and
the Orbiter and External Tznk continue toward orbit. Upon
successful separation of the Solid Rocket Boosters, a sequence
is initiated for individual recovery of the two booster units.
Parachutes are deployed along the trajectory of each unit to
provide for soft impact within a predefined recovery zone. Each
booster is to be floated by entrapped air until the arrival of a
recovery ship ov ships. The flight time, launch to splashdown, takes
about 7 minutes and 15 seconds.

The Solid Rocket Booster element of the Space Shuttle system
1s made up of seven subsystems: (1) the solid rocket motor, (2) the
thrust vector controls, (3) separation subsyatem containing
mechanical and ordnance equipment, (4) the recovery subsystem
containing mechanical and parachute equipment, (5) avionics,

(6) structure, and (8) a destruct or range safety subsystem.
The Thickol Corporation in Wasatch, Utah was selected as the

Solid Rocket Motor contractor. They have completed the design of
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most of the tooling for the fabrication of the motor cases and
procurement is underway. The contractural awards for the
structures, separation motora, recovery system, thrust vector
control, and avionics had not beun completed at the time of the
Panel's review. However, since the Solid Rocket Booster Pre-
liminary Design Review was completed in November 1974, the Panel
was able to review the detailed deaign of the booster components.
As mentioned in an earlier section on management, the overall
integration of the booster is being performed by the Marshall
Space Flight Center in Alabama. NASA plans to select a booster
assembly contractor in fiacal year 1977.

3.4,1 Solid Rocket Motor

System Design

The solid rocket motor includes the case, propellant, igniter
and nozzle as shown in Figure 40. Flexibility in fabrication and
cage of transportation and handling are made possible by a
segmonted case design.  The propellant grain is shaped to reduce
thrust approximately one-third some 55 seconds after liftoff to
provent overstressing the vehicle during the period of maximum
dynamic pressure.  The grain is of conventional design, with a
star-shaped perforation in the torward casting segment and a
vruncated cone perforation in cach of the segments and the aft

clogure,  The contourad nozzle eoxpansion ratio is 7.16:1. The




rocket motor case is made up of ten separate segments with specific
joints to meet the structural requirements and weight needs as
shown in Figure 41, The following is a performance summary of

the rocket motors under nominal conditions at 60°F .

6
(a) Vacuum delivered impulse, lb-sec 290,6 x 10 {(T=1 sec.)
(%) Burn Time, seconds 122
(¢) Propellant burning rate, in/sec 0.411 (at 1000 psi)

(d) Specific Impulse, average, lb-sec 262.2 x 106
The Solid Rocket Motor ignition hardware consists of an igniter and
dual redundant standard man-rated initiators. These initiators arve
separated by an independent electrically dual redundant {2 motors
and 1 shaft) electro-mechanical safe and arm device. Each initiator
jg fired by an independent Pyrotechnic Initiator Controller (PIC)
upon command., The safe and arm device is maintained in the safe
position by a mechanical safety pin until a given point in the
countdown at which time it is removed. The device remains in the
gafe position until the arm-command is given immediately prior to

the motor ignition.

The items associated with weight and weight contrel are:

(a) Motor Mass Fraction 0,884
= (b) Total Solid Rocket Motor, 1bs. 1,254,210
3 (¢) Solid Rocket Motor, lbs. 1,227,250
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Current Status

There have been studies on alternate propellants to minimize
HC1 release above 65,000 feet (ozona layer) during the ascent
portion of the mission. To date the studies indicate that it
is technically feasible to minimize (less than 3% by weight) or
eliminate the release of HC) above 65,000 feet. However, thare
would be a probably payload loss of 2,000 to 7,000 pounds. These
studies will continue as one of NASA's efforts to reducc the
atmospheric impact from the Space Shuttle operations.

NASA has noted that the Solid Rocket Motor and booster
components fabrication requirements are considered to be the
current state-of-the-art technology which has been demonstrated
in systems such as the Titan III rocket now in use.

Thrust mismatch of the two rocket motors is of great concern
to the desfigners and the operation of the Shuttle system. As a
result of this concern, NASA and its contractors, continue to pay
a great deal of attention to having both the rocket motors ignite
and cssentially tail-off simultancously and an acceptable thrust
mismatelt during normal ascent. The reproducibility limits, based
on the latest analysfs, are shown in Figure 42, Thus there will most
likely be a need to mateh pairs of rockets. The specification
requires that there not be a mismateh preater than 710,000 pounds
during the tail=of ! thrust period at around 11% seconds after

ipnition,
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The POGO phenomenon is not expected to manifest itself in the
burning characteriatics of the rocket motor, However, the potential
for this motor to contribute to POGO will be explored fully by the
program offices as a part of the overall POGO effort.

3.4,2 Thrust Vector Control

System Design

The Thrust Vector Control subsystem controls the angle of the
nozzle of the rocket motor, in order to obtain the proper flight
trajectory. Each Solid Rocket Booster contains a Thrust Vector
Contro. assembly consisting of redundant hydraulic power units and
two actuators. 1If one of the hydraulic power units fails, a valve
in the actuators isolates the failed unit and this prevents any
loss of thrust vector capability. The servovalves for each actuator
are hardwired across the SRB/ET interface and accept steering
commands from the Orbiter guidance and control system to provide

motor deflection. The basic requirements for this control system are:

(a) Torque, inch-pounds 4,200,000

(b) Rate, degrees per second 5

(¢) Acceleration, radians per sec’ 2

(d) Gimbal Angle, degrecs 5

(¢} Redundancy Fail safe as minimum.

Current Status

The current design is a fail operational/fail safe design. The Thrust
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Vector Control has a maximum gimbal capability of 7.1 degrees and
Provides torques in excesg of those required for known loadings,
Since the loads effort is a continuing activity the loads may

change upward but appear not to he g ma jor problem at this time,

3.4.3 Separation Subsystem
System Design

The Solid Rocket Booster separation subsystem consists of the
forward and aft separation motor agsemblies, the forward attachment
unit and the aft attachment and umbilical pull-away unit, Figure 43,

The separation Sequence for the booster 1is:

(a) oOrbiter recelves separation cue from both boosters,

(b) oOrbiter arms two sepration system pyrotechnic
initiator controls on both the A and B units in both boosters 0,8
seconds after the cue ig given to the Orbiter,

(¢) The Orbiter issues fire commands simultaneously to
the "A" unit on both the boosters at 2.5 seconds after the cue,

(d) Orbiter issues the fire command simultaneously to
"B" unit separation assemblies on both boosters some 40 milliseconds
after gystem "A" has been given the fire command.
The cue received by the Orbiter is in the form of a Pressure signal
when the Solid Rocket Motor chamber pressure hag reached 50115 psia
on any two pressure scnsors usad for this purpose. The separation

8ystem avionics is shown {n Figure 44,
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Current Status

The forward and aft separation motor asseblies each consist of

four separation motors and ignitiom ordnance which are fired to

impart side thrust to the axpended booster.

There has been a

recent change in the meotors to reduce, if not eliminate, the

impingement of the motor plumes on the Orbiter Thermal Protection

Subsystem. These changes are noted herec:

Thruat Level, 1bs.
Burn Time, seconds

Propellant Restrictions

Igniter Case Material

Igniter Propellant

Thrust Tail-0ff Rate

Motor Location

Before
12,000
2

none

glass phenolic

no restriction

no restriction

SRB forward back
of frustum and
aft skirt

Current

20,000

Q.75
max. metal or stabilizing
additives - 2%
burn rate additives =~ 1%

non~debris generating

same restrictions aa main
propellant

Tail=off to 50% chamber

pressure limited to
100 milliseconds

Noge frustum and aft skirt

The forward attachment unit consists of an SRR fitting, called a

thrust post, supported by the SRB forward attachment structure which

mates with an External Tank fitting.

This forward attachment pro-

vides longitudinal SRBR/ET restraint and transmits thrust from the

SRR to the ET/Orbiter. The SRB and ET mating surfaces are held
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together by a double-ended separation bolt which is internally
redundant for the separation function. A standard manned spacecraft
initiator pressure cartridge is mounted on both ends of the double-
ended separation bolt., At separation, both of the separation
cartridges are fired and the resultant pressure buildup drives an
internal piston at each end of the separation bolt toward the
separation plane to effect bolt fracture. Operation of either piston
will fractur. the bolt.

The aft SRB/ET attachments include a lower, upper, and diagonal
strut assembly which provide lateral and rotational restraint
between the SRB/ET. Each strut asscmbly consists of a SRB and ET
fitting held together hy a double cnded separation bolt similar in
design and operation to the forward attachment separation belt. The
"pull-away" connectors used at each SRB/ET interface carry the

electrical circuits as follows:

(a) Forward Attachment 1
(b) Aft Strut (Diagonal) 1
{c) #ft Strut (lUpper) 5
{(d) Aft Strut (Lower) 3

As a result of the latest Shuttle system loads analysis, December
1974, there is an effort underway to redesipn the forward thrust fictings
and aft attachment struts. This will result, most likely, in some
weight increases, There i8 no expected change to the basic concept

of the separation asscmbly described here.
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3.4.4 Recovery Subsystem

System Deaign

The booster recovery subsystem provides the neceasary hardware
to control the descent (velocity and attitude) after separation from
the External Tank. The recovery subsystem includes those i1tems
used to separate, deploy, disconnect, control attitude, float, and
provide for location of the expended booster. Figure 45 shows the
booster recovery (separation to splashdown) events and assoclated
parameters of performance at each stage. The booster recovery main
chutes, drogue and frustum, and booster itself are buoyant. The
recovery system is redundant except for the beacon and flashing light.
Briefly the sequence of events is as follows. A command is
gent from the Orbiter to the golid Rocket Booster just before
separation to apply battery power to the recovery logic network and
at the same time to arm the nose cap thruster for deploying the drogue,
the frustum ring detonator for main deploy,.and the main chutes
disconnect. Two barometric switches are sct to close at high altitude
(below 19,000 feet) and at low altitude (bclow 10,000 feet)., At high
altitude the nose cap thruster fires, pushes the nose cap away from
the booster, and deploys the drogue chutes. At low altitude the
frustum ring detonator fires, the drogue chute pulls the frustum awady
from the booster, and deploys the main chutes. After a time delay
the nozzle extension is jut tigoned and the impact switches are armed,

A third harometric switch will close at a very low altitude to turn
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on the impact recorder just pricr to water lwmpact, ACU impact tne
impact switchaes close and after a time delay the main chutes are
disconnected and the beacon and light are turned on, The nose
goction of tha bhooater, containing the majority of the recovery

hardware, is shown in Figure 46,

»
The maximum vertical velocity for the booster at water impact

has bean set at 100 feet per scecond,

i Current Status

; The Panel's major interest was directed towarc questions

- concerning the inherent safety of a reusable Solid Rocket Booster.
The solid rocket case, the parachutes and the hardware for the

- seperation of the booster from External Tank were of the greatest

! intorest. In this section the parachutes and separation hardware

;. arc discussed, while the motor case is discussed under the "Structures"

1 paragraph which follows. The separation hardware includes the
forward and after separation motcty assembiics, forward and aft strut

»

attachment units and the umbilical pull~away connector units., The
separation motors are burned out after use and require replacement,
as does the ignition ordnance. As noted iv the reviews conducted

at MSFC tnhe electrica! connectors and wiring are the major items

"' vyl

requiring retest and rehabilitation for reuse in the booster. The

attachment struts and  fittings are a part of the structure and are
coverad in rhat scetion,  The replacement of used pyrotechnic

cartridpes and ecotest of the connectors and wiring is the important task.




and main) is new to NASA

he parachutes (drogue

Re furbishment of t
hat NASA's current approach ia to pot reusc space res

experience in €
hon experience

there is a great deal of

covery parachutes. llowever,
available with regard to rousing parachutes, Cofioy aireraft braking

rachutea and personnel parachutes.
dicative of the approach

More specificnlly,

chutes, cargo pa
used 1in

The material in Table X is in
defining the ability to reuse @ drogue or main chute.
have been developed for commonly used materials such as

the following data

nylon and dacron:
(a) prolonged ultraviolet explosure produces strength loss

!
of 507% within seven days.,
h loss aiter

(b) High temperatures result in severc strengt

only 10 hours of exposure at 150° F.
{c) Since these materials are hygroscopic {absorb water),
y a slight strength loss when subjvcted Lo hiph humidity.

they show onl
very harmful and

{d) Radiation other than ultraviolet is

thus chutes require shielding.

(¢) Vacuum conditions do nol

appear to materially affect the

cute propcrtics.

3.4.5. Avionics

Systems PDesign
The Booster Avionics consists ot the lollowing assemblies: elec=
trical, {natrumentation, control riate pYro, recovery, TUnge safety,
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and faiflure detection.

A slgnificant portion of the electrical amd fnstrumentation
assemblics are included in two line replaceable units, the forward and
aft. integrated electronics asscmblies. Both contain the logie andl
networks distributlor, multiplexcer-demultiplexer, slgnal conditioner
and the forward two data buss couplers.

The electrical system consists of a 28 VDG hattery supplying power
for separation, deployment and recovery functions through the logic and
network distributors. These distributors, one forward and ore afr,
also provide the 28 vde power from the Orbiter to signa. conditioners
and associated measuring devices during the ground and tlight period when
the boosters still are a part of the total Space sShuttle vehicle.

Yhe avionics associated with the recovery activities consists of
the following components: (1) Altitude/impact switch assembly, (2)
x-band radar transponder (beacon system), (3) X-band radar antenna (bea-
con system), and (4) two flashing lights.

Range safety subsystem, which is not vet delined, is to provide
the destruct capability lor the hpooslers in case ol carly termination
of the flight. This system has peen defined in the Level L1 MSpace
Shuttle Program Flight and Ground System $pecification”, J8¢-07700
vol. X, updated to May 1975, as Man add-on destruct system --- which
dovs not require any action by the crew prior to {nitiation ol an

abort. The svetem funetion shall be dependent on real-time range
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safety down-linked parunaters cnd/or tracking data for the peried

after Liftoff up to SRB/ET separxation."

Current Status

Based on the material provided to the Panel, the following is the
status of the range safety system:

The design concept and selection of system components are
complete except for conical shaped charge to be placed in the solid
rocket booster element. Currently the program is involved in an
effort to fully integrate the system dcsign from the standpoint of ground-
to~flight vehicle and between the flight vehicle elements. Acceptance
of basic design concept by the Air Force Eastern Test Range is still
under discussion. Working interfaces have been established between
all organizations affected by the range safety system design, develop-
ment and utilization., Discussions between these groups, reviews and
planning sessions are being established.

The failure detection setup for the booster provides the failure
detection capability during boost phase of the flight. This setup
had not been defined sufficiently for presentation to the Panel dur-
ing its early Spring review at MSFC.

3.4.6 Structures and Reusability

The reusability aspects of the Solid Rocket Booster are so closely
tied to the structural design capabilities that these two aspects of rhe

booster program are discussed together in this report. Basically

135




the only non-structural hardware built for reuse are the electrieal
and instrumentation equipment, thrust vector vontrol aesembly and
such regovery ftems as the pavachutes., The Solid Rocket Motor case
and attendant structure are all considered as a part of the structural
assembl v,
The current baseline for reuse of the Booster components 1s:
SEEUCLUTCS TOUST vsesverssarsnanansonssssssssas 40 times
Solid Rocket Motor Casce and Nozale cooeveensene 20 times
Thrust Vector teontrol assembly .evvveesceacsses 20 times
Electrical and Instrumentation reuses ...evove. 20 times
Recovery assemblios oovviieseresssonresaereesss 10 times
BALICTLOS & ovvenvecsssacassnssaassanssnsssssess L time
Structural design reatures to support the booster reusability
program include such things as: (1) external protective coatings,
()Y weld=tree solid rocket motor case, (3) water-tipht compartments
using welded aluminum skins, ) bulkheads lor protection ot the
avionics (electrical and instrumentation ftems in the torward portion
ot the booster, (3 stittening rings alony the alt quarter of the
booster structure to help take the water impact loads, and {6) the
wie ot a4 osmooth surtace tor the application ot thermal protection
material around the att skivt which covers the nosoles The Solid
Rocket Mator case is desfyned with 0,009 metal thickness boyomd that

required tor tlipht loawds, 1racture mevhanies anmd water fmpact,  To
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allow tor wear due to "grit" cleaning during refurbishment for
additional refillings, ‘The Solid Rocket Motor case joints are de-
scribed in Figure 4.

(urrent Status

An integral part of the structural design provedure includes a
Wpracture Control Plan" for the Solid Rocket Booster and motor. This
plan cstablishes the requirements for reporting, non~destructive
testing (inspection), failure documentation, traceabilicy, sexvice life
recording, proo!l testing, and environmental control of all portions ot
the structures defined as susceptible to structural failure due to
flaws and cracks. 1n line with this plan, materials are sclected and
characterised for specific Solid Rocket Booster and motor cnvironments
and tabrication processes and refurbishment requirements. One of the
problems in designing the booster/motor structures {s Lo account for
fracture under other than planc-strain conditions and to provide a
practical means for predicting lite under the complex time-stress
histories occurringduring pad operations, boost phase oi the mission
and recovery of the booster.

Other questions open at the time of the Panel's review deal
madinly with the structural aspects ot the booster clement .

The speciticd reuse requirements and the deaipgns to meet them
are dependent upon the detinitions ot service lite, satety tactors aud

thetir derivation, Some thoughts relative to reuse which are pertinent

137




to assuring a safe and coat cffective booster are: (1) what will wear
out or be rendered unserviceable after tae specified number of reuses
that will not wear out or be unserviceable alter a greater or lesser
number of reuses or cycles, and (2) what would be desigred differently
Lt the design were required to be made to meet a higher number of
reuses,

Noise (vibroacoustic cffects) generated by the Solid Rocket Motors
and the Main Engines on the pad and soon alter liftoff may lmpose severe
requirements. The determination of Lhese ctfects and the design con-
straints are still under study.

The booster design and expected attrition rates are highly de-
pendent upon the extent of damage due to water impact loads. These
stresses are dependent upon booster velocity, angle of impact, tem-
perature ot the structural macerial and surface conditions such as winds
and sea state,  Computer analysis programs have been developed to an-
alyze (1) initial fmpact, (2) cavity rormation and vollapse ot the
water volume, (3) maxinum booster penetration inte the water and at
vhie same time water penetration into the throat of the rocket motor,
ad (4) rebound and slapdown on the water surtace,

There are also those events assocfated with the time when e
booster is in the water and the ships and men begin Lo retrieve the
boosters trom the water.  the degree that these operat ions impact the

desipn o1 the booster has not been tully explored by the Panel at
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this time,

From the time a solid propellant rocket grain is cast until it
has burned away in the performance of its mission, it is subjected
to an array of stress-inducing environments including gravity, pro-
pellant curing loads, handling shocks and vibrations, and the pressur-
izations and accelerations that accompany ignicion, launch, and flight.
The possibility of safety related problems resulting from any one or
combination of these environments will be examined in later reviews
by the Panel.

Lightning protection requirements for the Solid Rocket Booster
are similar to those for the Orbiter. Ifquipment requiring protection
include pyrotechnics, thrust vcctor conorol sensors and switching
circuits, all exposed electrical cables, aml the integrated electronic
assembly (data buss couplers, signal conditioner, multiplexer-deplexer,
logic and network distributor.

Current lightning prote-tion design measures include the follow
ing: (1) single point ground on power circuits, (2) usc of twisted
wire pairs, (3) delays of 23] millisccond in the many switching
functions, and (4) use of metallic cable tunnel to protect cable runs
forward and aft and the use of multi-grounded overall shields on all
ordnance cabling.

Electrical interfaces between the Orbiter, External Tank, and

the Solid Rocket Booster do not tully satisfy the lightning design
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criteria, Interface design is being studied at this time to obtain
a reasonable solution to this problem., On the SRB program several
tests are being planned to validate the lightning protection arrange-
ment: (1) cable core test on SRB equipment as required, (2) full
scale lightning test on the External Tank/Booster attach struts with

ordnance installed, and (3) cable tunnel attenuation tests,
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3.5 Launch and Landing Element

The launch and landing aspects of the Shuttle program are con-
sidered an element in the same manner as the Orbiter element, Extarnal
Tank element, SSME element and the Solid Rocket Booster element. The
Launch and Landing element is under the jurisdiction of NASA's
Kennedy Space Center. There are other prime and secondary sites,
but the discussion here centers on the requirements, design, develop-
ment, validation, launch, and landing preparation plans at KSC.

The design and operation of the launch/landing site is as much
a key to achieving a low cost Shuttle system with rapid turnaround
after a flight as any other element of the program. KSC's past roles
on the manned and unmanned programs, in which facilities and know-how
have been developed for the receipt inspection assembly, checkout and
launch, plays a large part in their ability to meet their current and
projected role in the Space Shuttle program. More specifically the
Launch and Landing Project conducted at KSC covers the following
activities:

(a) Shuttle vehicle element receiving (including all that
goes with such activities, ¢.g., inspections), assembly of the Shuttle
vehicle including buildup from the elements to the total ready=to-fly
vehicle, checkout and launch,

(b) Recovery/vetrieval operations for the Orbiter and Solid

Rocket Boostoer.
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{¢) Ground Oncration taking into account the necessary
sustaining engineering, logistics, maintainability and the turnaround
operations.

(d) Facilities and Ground Support Equipment, such as the
Runway, Orbiter Processing Facility, Launch Control Center, Flight
Test Contrel. A major innovation will be the Launch Processing
System to satisfy the requirements for an automated launch checkout.

With regard to payloads, KSC will preparc and install the
Spacelab delivered by the European consortium, the automated payloads,
the Air Force Interim Upper Stage Vehicle and the TUG vehicle and all
other payloads,

The KSC interface with the NASA Flight Resecarch Center at
tdwards, California, includes a major role in the Approach and Landing
Taest program.

At Vandenberpg Air Force Base, California, KSC will assist the
Air Foree in planning and will provide expert help in the area of
turnaround operations, facilitices, launch support cquipment and pay-
loads operations,

Recognizing that the Pancl has not had the opportunity to cxamine
the Shuttle program (rom the KSC viewpoint in any detail, the focus
wias on a small number of areas of particular interest to the Panel

at this time:  Solid Rocket Boostuer retrieval, landing facilities and
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landing controls, Orbiter Thermal Protection Subsystems maintenance,
turnaround operations, and Launch Processing Subsystem, The Panel
did, however, receive an orientation briefing on the total KSC role,
responsibilities and plana to carry them out.

3.5.1 Solid Rocket Booster Retrieval

Systems Degign

So we have noted, the Marshall Space Flight Center has
responsibility for the development of the Solid Rocket Booster,.
including the intact reentry of the booster into the ocean. KSC,
however, is responsible for developing the retrieval system for
returning the boosters to dry land for refurbishment and preparation
for reuae.

Retrieval of the boosters, parachutes, and other recoverable
objects will be accomplished using surface vessels. The retrieval
vessels will tow the boosters to KSC; other objects recovered will be
brought onboard the vegsels themselves. Shuttle developmental
launches will, of course, be used to test and refine vehicle recovery/
retrieval systems. The boosters are expected to impact at a point
some 130 to 150 nautical miles downrange in an impact footprint
defined as a 10 x 33 nautical mile ellips . Once the boosters are
located and the vessels are near enough, divers are sent to plug the

nozzle.
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Then the booster is dewatered and it attains what is called a
"log" mode, Parachutes are coiled on rcels and the nose cone frustum
is lifted on board the vessel and the boosters towed home.

Current Status

The retrieval gystem definition is in its early stages and will be
examined in more detail as the necessary design, interface and
operational details are worked out. Among the questions yet to be
answered are the number of tracks to have on the SRB impact recorder,
and the baseline for the "station sct" used in the SRB retrieval and

disassembly

3.5,2 Landing Facilities and Landing Control

Systems Design

These facilities and controls can be divided into the following
specific items: (1) Primary landing sites, KSC and VAFB used for
test and operational flights, (2) socondary landing sites with particu-
lar cmphasis on Flight Rescarch Center/Edwvards AFB used for the
Approach and Landing Test program using the carrier aircraft, and
(1) the Mission Control Center at Johnson Space Center, Houston,
Tuxas.

The Orbiter Laading Facility at KSC is locatued approximately
1.5 miles north and west of the Vehicle Assembly Building (VAB) and

extends 15,000 feet to the northwest, 1t is composed of the following:
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(1)  Alrfield pavements of 15,000 [t x 300 ft with 1000 1y
overrvuns on ecach end, & two-way that iz 10,600 t, long and 50 r¢.
wide Teading ta the Orbiter Processing Facility, and a parking apron
Just of f the main runway and cofnceidental with the two=wiy 490 o, x
550 1L,

(b) Airficld lighting alony the standard approach, runway
touchdown and centerline, and the runway wdype,

(¢ A landing aids control building at the southeastorn
cend of the runway containing hardware for 1lipht and proumd control
including the Orbiter landing instrumentation svstem with Seband/UNF
conmunications, TACAN, Microwave Scamming Beam Landing Svatem (MSBLS)
amd related installations,

Current Status

The current status of the orbiter landing tacility at KSC is as

tallows:

(1) Construct ion awaras have been made tor Phase 1 and 11
and the reguirements for Phase 1Y are in the phanning stase,

() Phase | construction on the rumeay, two=wav, parking
apron, ariticld Tizhtiog, clectrical pover amd water maing is to be
completed in Awvust 19760,

(Y Phase 11 construction on the bamding afds control buflding,
instrumentation facitityv, atilitios support and cabling svstems  is

expected to be comploeted in September 1970,
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(d) Phase TIT, TACAN, Communication syatems (MSRLS, Comscc,
cte,), propeliant and gasen aystems, high energy aim point,
cinctheodolite system, Orbiter mating device, and other landing
support cquipment are all in planning and requirements review atages.

(e) Test planning includes the utilization of the Shuttle
Training Aircraft to validate the ground landing aids and control
systoems.

(f} Significant issues at the time of the Panel revicw
(March 1975) werc: (1) Additional facilities required for cinethcodolites
and the high cnergy aim point, (2) Runway grooving spacing which 18 to
be between 1" and 2", and (3) While the microwave Scanning Beam
Landing System has been selected to support the Orbiter landing, its
location at the end of the runway is wnder discussion (i.e., on the
conterline or off the center line).

The current program specitications call for the Johnson Space
Conter's Mission Control Cunter to retain control of the Shuttle
clements (vehicle and, particularlv, the Orbiter) throughout the
migsion including entry, landing and rollout to a stop on the runway.
There is still some discussion as to the best location for control of
the Orbiter during the Terminal Area Energy Management portion of the
mission (from about 70,000 ft. altitude to roll-put on the runway).
The Panel will follow this question until irs resolution to assure
that crew safety and successful vohicle return reccive appropriate

attention,
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puring the last nalf of 1974 the guestion nig there a need for an
overrun parrier at K80, [dwards AVB OF Western Test Ranpe?' was ankoed
{n carnest. As prosented Lo the Panel, a thorough analyses Wil made
to determine the need for such barrivrs.  The factors jnf luencing the
requirements were: (1) touchdoun point on the runwily, (2) veloceily
of the Orbiter at tonchdown, (3) Orbiter characteristics, Cobes drag,

gtability, ctc., (&) coafficient of friction (wheels to runway) , and
(5) the brake system capabilities. The "worst cast' roli-out perform-
ance used in the analysis agsumed:  hot day, wot runway (ungrooved)
landing weight of 230,000 pounds, maximum landing velocity and landing

blow=out at landing.

long, and with a single tire
a total runway

Analysis indicates that the orbiter would requirc
of 15,530 ft. gince the runway is 16,000 ft., the rumeay barrivr

requirements were deleted,

1.6.1 utround Turnaround

Systoms Desipn

Turnaround operations include:

(a) Landing (a portion of which is covaered in previous

pnrngrnph)
(b) Orbiter saling, miintenanes and checkout (this inc

the Thermitl protection Subsvstem maintvnuncv)
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(c) pxternal Tank and Salid Rocleb Boogtor preparation
(1) Sinmttle vehicle Aagembly
{e) Pre~launch chockout and Tauwnch

Curpent Status

AL RS

puring the carly panc) reviews jt wad evident that the 160 hour
requirement {s a major design drlver. Therefore, the Pancl is ianter-
osted in assuring that this requirement will not adversely affect
ground or crew safety. KSC is crylng  to meek this turnaround
requirement and assume a safe vehicle through the use of the computer-
izec Launch processing System (Lps). 1In addition, ground operations
arce being desipgned to use proved rechiniques and optimize the level
of inspection while reducing gubsystem 1ovel checkout time as pers
formance confidence is achieved. pvolution of the 160 lour turnaround
is shown 1n Figure 47,

Two of many managemant aids in vespect to turnaround are
mentioned here because of their significance. The $huttle Turnaround
Analysis Group (STAG) chaired by KSG, has been established as the
Govcrnmunt-contractnr roan responsible for Shuttle Systew tneegratued
prograu turnaround allocations and asscssments. The syslem fntegration
contractor (Rockwcll Intcrnationnl, Space Division) assists KsC in

the cvaluatbion of the aloment-luvel reports and analysis reports.
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The Shuttle Turnaround Analysis Report (STAR) is prepared by KSC and
18 submitted to the JSC Space Shattle Program 0ffice to depict
the current status of the operational turnaround functlons.

KSC congiders the following four basic arcas in developing the
operational team concept: (1) Definition of functions in duetail,

(M degree of autonomy to be provided, (3) depth of management
oversigat required, and (4) the varied personnel skills necessary to
dchieve the turnaround objectives.

The handling of the Orbiter TIPS is one of the wmore difficult
assigments during the turnaround period,  Inspection and refurbishment
will require constant attention to assure the adequacy of the TPS for
the next mission. The TPS tiles arce fragile in comparison to most
other items on the Orbiter and mist be haudled accordingly, A major
clement of the post lLanding oporations at KSC is the performance of
preliminary checks of the TPS surface to determine in a gross manner the
quantity of damaye sustained during the wission and particularly during
entry and landine,  Once the vehicle has beerm taken to the Orbiter
Processing Facility a detailed oxamination of the tiled surface is
mades The methods by which this will be dene have not been fully
detined, but will be examined in the tuture rovices,

The Lamseh Processing Svstoem makes use of modular, or building
block, structure which will allow the hardware and sortware to he

conlicured to acconmodit o diflering requirements in { he checkout,




maintonancs, aud lawneh funetions,  In the laaneh guppert contiguration,
cost enpineers, nanning LS consoles (o the Lauch Control Center,
pertfomm teating and propare for Liunch,  The 1PS fa the maintenancs

amd checkout confiparatfons has LIS consoles located in arcas sueh as
the Oerbiter Processing Facility, Vehiicle Asscmbly Building Hiph Bavs
amd Nvperpgolic Madntonance Facllity,  The following points were made

to the Panel veparding the requirements for the LPS dn the chockoat

vonl fpurat fon:

Y Teae antomation - faster, vepeatable, better digcipline,
realtime test resulta;

() sStandarvdization of hardwarce and sottware - computers,
displavs, data transmission, havdware interfaces docuamentat ion,
training and maintenanee;

() deneral purpose/hiph dengity conroles = fover operations
per svatem, wore burden on the machines and th maltipte use ot equipment;

WY Teat enpincer orfented banguase to eliminate middleman-
prosrammer, make enpincer responsible tor the ent {re svatem;

() Rapid accens to conpinecring data amd work control
Aavaton.,

Open fasues at the tiame of the Panet's reviow foeTuded the cons
Cinvinge review of vequirement s tor the avdtem, prediminny desipn

roeview planning and development tlicht jastramentat jfon data processiog

dmd LPS peguivement s tor Che Pavloads, !
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The atation set fs defined asg an aceumulation of anits of GSE requirved
o support a specifie activity or phase of vehicle agsembly, tost
Launch or pre=lawnch,  Thepe are three types of GSE wanits or models
in order to affect the preatest depree of cost effectiveness, These
are:
Type L = Criticval to 1o0-hr timeline or 1inal systoem
verification or hasavdons operations,
Type 1T - Functional intertace with the vehicle,
Type 111 = No vehiele interface or interfaces with vehiele
but requires minimm desipn control,
The Panel asked about the reguivements with respect to reliability
anmd saretv,  The following requirements and philosophy apply:
(a) The Launeh essential and satety eritical pround support items are
fdentificd and that particular list is updated and provided to winape-
ment for their unders andine and control, (OY Fallure Modeand BEflects
Andalyvses (FMEA"sY and hacard andatvses are regquired tor all launeh
ecascnt ial amd satety critical s, (¢ AL Launch essent ial and savety
critical CSE require that tor the cervtitication program, aceeptance shall
consist ol one or any cemb it ion of anadvsis, similarity or actual
toestin.,
Une of the open gquestions Lo be resolved §s the timeliones of
documentat ion data trom the clewent contractors ebiter, External

fank, Solid Recket Booster, space Shatt e Main Pavine) which atfeets
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KEC's ability to plan tor and def fne spares and naintenance require-
ments and affects the facil{ty deatgn activity as well,
one of the clallenges daring turnaround will be the assembly of
the total Shattle vehdele, stnee Shattle olement s requive veory tight
stacking tolerances, well desipned cquipment, and well treafned
personnel Lo assure proper control of stacking procedures,
Factors befng considered now in the design of the mobile lamncher
aud Tauwnch pad are:
WY Enpine exhaust rebound back ap fnte the space vehicle
creating 4 vibroavoustic problem, as well as thermal problems.
(M The capine quench svstem geater svstom),
W) The hole=sising in the platform (o accomundate the
solid Rocket Boostoer exhaust,
G The vequivements tor pavload unbilicals,
(WY Facilities to minimice Paternal Paok fee tormat fon amd
aftects ol ic. shedding,
(Y orbiter Thermal Protect ion Subsvatem tile protect fon,
U Pavioad handUing requivencnts and their imp lewmentat ion,

Caney The pavioad cleanvoom tacilioy,
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4.0 SAFETY, RELIABILITY, OVALITY

4.1 System Design

For our purposcvs reliability (probability of failure), quality
(excellence in producing hardware/software), salety (freedom from
injury or loss) are all a part of the so-called '"Risk Management
System'" or '"Space Shuttle Assurance Program.'" These are obviously
interrelated activities and as such are not covered separately in
this document.

The Space Shuttle risk management system is built on prior manned
flight program experience and modificd to meet Shuttle requirements.
Salety analysis process is shown schematically in Figure 48, Each
of the element contractors and each ot the participating NASA Centers
conduct its owm satety, reliability and quality programs. In addition,
the Rockwell lIaternational Space Division in Downey, California, as
the system contractor, conducts an inteprited satety analysis oper-
ation. The total Shuttle program requirements including reliabilicy,
satfety and quality are delincated in the Level 11 program requirements’
documents J8¢C 07700, Volumes 1-XVITT, Compliance with these require-
ments is turther addressed in numerous documents.  For instance, the
approach Lo reliability is addressed in Volume 1, "Master Verilication
PLan.”  Volumes 1L through V have the regquitements ror the element

veritication plans.  The element veriticat ion phans deseribe the way
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the requirements are to be met, e.g., test, analysis, and inspection.
The specific plans covering reliability, quality and safety are sub-

mitted by the clement contractors to the appropriate project elements
in NASA for review and approval.

4.2 Major Reviews

The major risks and uncertainties determined by various assess-
ment teams and permanent organizations are reviewed by management as
a part of their review system. The Preliminary Design Review for
Orbiter No. 102 and the Shuttle System Preliminary Design Review are
examples of such cvents, Figure 49 shows that at the time of the
Orbiter 102 Preliminary besign Review twenty (20) subsystem failure modes
and elfects analysis documents have been issued. These documents
covered 947 components in terms of possible failure modes and their
impact on the crew and mission,

The Safety Analysis Report indicated 200 Orbiter hazards and the
corrective actions being taken. This analysis covers such situations
as: (1) illness/injury/loss ol persomncl, (2) collision/impact/crosion,
(3) tire/explosion/implosion, (4) loss o1 or unsate environment, (5)
crash landing/ditching, and (0) loss ot rlight control.

Hazard analysis is pertformed at the subsystem level and, in cases
where Failure M de Erfect Analvsis have identified critical items for
the Critical Trems List, the analysis is performed to a lower level

ol detail,
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The Critical Items List contains the single failure points and
criticality 31 items identified by the FMEA. Criticality 31 are all
those items not having a potential effect on loss of life or vehicle
or loss of mission. They also meet one or more of the following cri-
teria: (1) redundant clements are not capable of checkout during
normal ground turnaround, (2) loss of a redundant eclewment is not
readily detectable in flight, or (3) all redundant elements can be
lost by a single credible event or cause.

4.3 Safety Analysis Process

The safety analysis process {or thc Shuttle program is being
implemented in the tollowing basic steps: (1) ddentification of safety
concerns, (2) analysis of safety concerns for credibility and criticality,
(3} initiation of Shuttle hazard analyses, and (4) tracking and closing
out Shuttle hazard analyses. Each of thesce steps is described below.

4.3.1 l1dentification ol Saterty Concerus

A syatem salety concern is any desipgn or operational issue that has
a potential impact on persomnel or hardware. The concern may be identi=-
fied by any person or orpanication on the program and must be dispo-
gitioned. For instance, the svstem contractor's satety oftice re-
views the element contractor's hacavd analyses and FMEA's Lo determine
i1 a possible satety problem may propagite across clements of the Shuttle
trom an identitied hacard or failure on any one element.

The svstem contractor's satety oflice also reviews the planned
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operations of the Shuttle for Potenitial safety problems. Thig is to
be done for each mission phase, In addition there is a continuing effort
by Rockwell International’'s Space Divigion engineering and other groups
to identify other issues which have a safety implication.
4.3.2 Analysis and Resolution of Safety Concerns

Every safety concern identified to the System contractor's safety
office will be analyzed for credibility and criticalicy, Credibilicy
means that there is a real possibility that the event may happen,
Criticality means that, if the concern occurs, there would be personnel
injury, loss of the vehicle, or major damage to ground facilities. 1If
the concern is both credible and critical, then action has to be taken
to preclude undesirable consequences Or minimize possibility of occur-
rence. If the concern cannot be resolved, management must review and
decide upon the risk to be accepted. Experience has shown that the
great majority of the safety concerns identified can be shown to be
not credible or critical,

4.4 Shuttle System Safety Concerns

Safety concerns as Presented to the Papel during its May inspection

trip to the Space Division of Rockwell International are shown in
Table XI.

The hazards resulting from rluids used throughout the Shuttle
mission, with particular reference to the fire and toxicity problems,

are outlined in Table XII. Only two phases of the mission would appear
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to be essentially clear of problems, the ascent and orbit periods. A
partial resolution of this problem was to gseparate incompatible ma-
terials and environments by compartmentizing oxr sealing off of the
Orbiter where practical so there were no hazardous fluids in the
pressurized crew compartment. In addition to sealing off compartments,
an active purge, such as dry nitrogen gas, is used to dilute the con-
centration of hazardous gases. Warning devices have been developed

to alert the crew and ground control. Contingency procedures at
launch pad and during mission will be formalized. Figure 50 depicts
this approach schematically.

The Orbiter flight vent and purge system described in Section 3.1
"orbiter Element' to minimize the hazardous pas problem is augmented
by the ground hazardous pas detection system designed and developed
by the KSC organi:zation. This ground system has been defined and
the remaining major development items are the sensors tor the cryouenic
and hypergolic portions of the system. For the cryogenic subsystem,
these are mass spectrometes, clectrochemical sensors, and portable hy-
drogen sensor. For the hypergolic subsystem these are the portable
hypergolic sensor amd the air oxidation chemistry analyzer hardware,
The flight system operation depends upon detining what is a hazardous [luid
condition. For example, dissassociation of leaked fluids must be known
for detection and havard assessment (Nauy in humid atmosphere torms

pitric acid) as well as autogenous iunition temperature at altitude
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(lLow pregsures) for Orbiter fluids, These data will be obtained in
the coming montha through a series ol inhouse and contract activitices,

Current Status

The Panel requested that the following safety concerns re dis-
cussed during their visits to both NASA Centers and Contractors. Each
of these concerns is presented below along with the current status at
the time of our review,

Solid Rocket Booster Ignition Overpressure -~ Large ovuer-pressures

on Orbiter and External Tank structures and surfaces may be imposed by
the booster exhaust shock-wave at fgnition, The over-pressure wave

is assumed to reflect asymmetrically from the pad flame deflector

and travel up the vehicle, applying pitch plane loads. Tests are to
be conducted on a Shuttle model at MSFC to acquire valid pressure dis-
tributions and intensities. Resolution has been targeted for November
1975.

Unscheduled $SME sShutdown During Boost - SSME design provides

internal, automatic shutdown mechanisms to achieve safe engine shut-
down when critical perlormance parameters are not within tolerance re-
quirements. Investigation has shown that the remaining two engines

are necessary to achicve intact abort, and that a two-engine-out con-
dition may well result in vehicle loss, One approach being studied to
resolve this concern is to have a single engine shu*down inhibit or dis-

able the internal shutdown mechanisms 1or the two remaining main engines.
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This inhibit capability would be accomplished by automatic electrical

"lockup" of the engine contrel valves in their last peosition, and

- T

by incorporating an inhisit coll on the emergency shutdown solonoid,

Crew Rescue From Orbit - If for any reason the vehicle is unable

to return to earth from orbit, no rescue capability exists during the
early flight test program, but a 'rescue orbiter" would be available
during the operational periods. Various ideas are being explored

to achieve a rescue capabilicy during the early flight test portion
of the program.

Solid Rocket Booster Thrust Mismatch - Booster thrust mismatch

can occur at any time during the burning period. The periods of greatest
concern are at liftoff, maximum dynamic pressure and at the end of burn-
ing period (tailoff). During lifvoff, the specification tor the

Shuttle system calls for a maximum mismatch of 300,000 pounds. This
value appears conservative based on results of Titan IIIC statistical
analysis of ignition transient. Ignition transient is still being
evaluated by MSFC/Thiokol/Rockwell for betler definition of the time
mismatch action. The impact of a mismatch at the maximum "q" condition
is to add an additional load on the (light control system elements in
the yaw direction. The Shuttle structure and flight control system

has the capabllity to adequately account for such additional loads.

The Booster tailoff thrust differential indicates that a 710,000

pound mismatch 18 controllable with normal control capability, The

LS 3
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710K value has been established as A requirement which occura abour
115 seconds after ipnition, lHowever, when Booster nozzle acruator
or SS8ME engines fail the separation of the Booster from the heicernal
Tank is delayed for up to 4 +econds fo reduce the mismateh chrust and
provide acceptable separation conditions. The extent of the control
capability that can be exerted during taileff continucs to be studied
to assure adequate flipht control and separation ability,

4.5 Orbiter Safety Concerns

Orbiter Structural Flements

Structural deformation may prevent emergency egress from crash
landings, Orbiter 102, to be used for first orbital flights, has
added overhead escape pancls which are used in conjunction with
cjection seats, but the panels will remain alter ejeciion seats are
removed.,  There is a current study to ascertain the value of using
the overhead hatches on all Orbiters.  The ability to comparimentizy
or isolate hacardous (luids is discussed in the [ireftoxicily section
above,  There musi be continuous control to assure that hardware
assigned to the "structures" ciategory does not include items similar

to the Skylab meteroid shicld.

Dpors

The major point is that during entry all Jdoors must be cvlosed.
It the payload doors do not ¢lose ther the crew must use EVA and

secure them,  There are continuing studics on elimination of doors

160




and methods of assuring their proper pesitioning throughout the
mission,

Payload Retention

Payloads must be adequately constralned during normal or abort
landings to avoid damage to the erew.

Thermal Protection System

This has been covered {n detail in Section 3.
tydraulics

Loss of flight control due to failure of single actuators which
are used for elevon control was studied by Rockwell International and
NASA. They accepted the risk of being iuvolved in relying upon a
single actuator,

Ejection Seats

The possibility ot collision between the ejection scats tollowing
ejection is under evaluation at this time.

Orbital Maneuvering sSubsystem

Large quanlities or OMS propelliant requires that it be monaged
to assure proper center of pravity conditions during, nominal and abort
trajectories. Orbiter acrodynamics analysis and mass properties
analysis are being pertormed to determine allowable residual pro-
pellant quantitics and the quantitics to be dumped.  This work is
expected to continue through the nest Liscal year with resolution

at the end o that time.
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Data Processing System {Holtware

Generle sortware errors may nol he dovected in the software veri-
fleation program based on prior cxperlence fn this avea, A study I8
ander way o determine the degree ol depradation due to expected errors
and possible work-arounds to maintain operational control,

Hydrogen Five During RILS Aborl

puring the return to landing site abort a hydropen concentration
is expected to exist in the wake or the Orbiter. The location of the
exhaust, ventL, and dump locations are a salety concern,

Landing/Deceleration Subsystem

The Pancl has questioned the abilicy ot the landinyg gear gravity
deployment system Lo support the Orbiter Landing trajectory (altitude,
time, distance). What is the basis tor conlidence in the reliability
of the free-fall system that landing gear will be in the down and locked
position? When working properly is there sunlicient time to achieve the
down and locked positicn prior to touchdown? What contingency plans
are available 11 the landing pear system dovs nol operate properly?

Becausy. of Lthe Panel's interest in this area a briel description
of the gear units and doors and Lheir operation during landing pro-
vided here tor a better understanding o1 the above three questions.
Figures 51 and 52 show the nose year and main pgear installation.

The nose gear retracts forward and up in the forward fuselage,

and the main gear tetracts forward and up into the wing. The welight
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of the nose gear system is about 1300 pounds and the individual main
gear about 2500 pounds. Crew sclection of landing gear "down," after
the arm switch has been selected, accomplishes twe functions for the
nos¢ gear. It energizes the landing gear sclector valve, porting
pressure to he down-side of the nose gear strut accuator and the
down-side of the uplock release actuater. In addition, a redundant
pyrotecinic backup system is sequenced to release the uplock, if the
primary hydraulic system fails to operate in a "short' period of time.

There is only onc primary hydraulic power system configuration for
the nose gear operation. The gear then "frec falls" from the wheel well,
there by driving the mechanically linked doors open. Aided by weight
and aerodynamic effects, the gear should reach the full down position
and be locked ir position by the action of a spring loaded bungee.
The motion ol the gear before locking down will be damped by an oil
snubver to prevent any damage to the locking linkage. Down pressure
to the strut actuator aids in .he extension cyecle, but in the event hy-
draulic power should be lost, it is not required to extend or lock the
gear down. Gear downlock and gear/door uplock switches provide cock-pit
indication of gear position. The extension cycle is designed to be
accomplished 2t all velocities up to and including 300 knots within
a time limit not to exceed 10 scconds,

The main landing gear extension cycle is identical to the nose

pear with the rollowing excepticen. In place oi the backup pyrotechnic
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release system, (wo additional secondary hydreanlic aystems are pro-

vided tor the uplock release actuartor,  Therclore, crew seleetion ol
Lamding pear "down" ports down pressare trom the primary hydraulic systen
to the strut actuator and to the uplock release aetuator, 1t should be
voted that any one ot the three systems 8 sulticient to release the
main pear and door uplocks and Inftiate pear extension,  Pripary pressure
toothe strut actwitor aids extension but is nol required, as the weight
and acrodynamic elfects on "free Ltall"™ pear are sutticient tor pear
extonsion and locking via a spring bhungee,

There is an Autoland Svstem intertace with the Llandiong pear system
which has not been tully detioed as vet, Uperation ol the pear, during
the Landing operation, is actuated as bate as L4 seconds belore touclulown,
Manual pear extension is chicved by the pilot throwing a pear extension
switeh atter he sees a lipght on the display panel. 1t is expected in
the Antoland system that the autoland hardware would accomplish the
same action at about the same time.  The problem then is obvious. With
a maximam of ten seconds allowed tor the pgear Lo go into {he down and
Locked position and the action initiated some 14 secouds betore touch-
down, there is Little it any leeway tor problems in responge or doe-
plovinent . Theretore, the reliability ot the system must be very close
to L pereent during that 19 gecomd to 4 secomd pertod prior to
touchdown or some alternate action capability mast be supplicd alony

wilh a lonper period to achieve dowo and locked pears,
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4.0 Range Safetly

turrent requirements have established the range safety asystem as
an add=on unit only for the desipn, development, test and enginecrcing
tlights. The baseline system is shown in Figures 53 and 54. This
system is8 still under discussion between NASA and the Alr lorce,
Basically, the range satety system {s required to provide tor: (1)
safety of lves and property, both on the pround and in 1light, (2)
External Tank propellant dispersion, and (3) protection against overt/co-
vert destruction of the vehicle and against 'false alarms" due to electro-
magnetic interference or spurious signals.

Issues under study at this time include the tollowing:

() External Tank propellant dispersion and their impact
on Orbiter MSFCY,

(b)Y Crew cjection seat inhibit which {nhibits range salety
system aperation,  Adequate procedural sateguards and tfme delays
appear necessary to maxinise astronaut survival it destruet action
is requirced.

(¢} Shutting down ot the Orbiter's main engines upon ree
codpt ot the range satety destruct system arm aipnal,

(Y dutlipht sating of the "sate and arm" device by the
Urbiter software,

(Y Monditoring of the sate and arm device to provent in-

advertant sating ot the ranpe salety dest raet device,
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Aol Materfals Usape and Cont ral

Due of management 's i tor controls Lo assure the design and con-

structlon of sate and etticient hardware s in the matevinla' usaze

area,  This dneludes not only the compatibilicy ot materials wit

their environment trom the standpoint ot tlamability and toxjcity

but atlso with regard (o their stress corroston/Iracture mechanics

susceptabiitty, M sShuattle program, using the expericnce gained trom

wilor mnned provrams and militay and conmereial activities, his
Py A ¥

developed materials programs 1or cach elemeuat as well as tor the

inteprated Shattle svstoem, Requitement s set by (he program aud

attevtiuy all eleswents within the propram are set otorth in Parvagraph

Lestul, SC 0 00, volume Ny MSpace shuttle Flight and cround Avsiems

Spevitication," and (he 08¢ document SF=R-0000bA, dated April 1973,

"Requirements 1or Materials and Processes, "

hese requivemcent s inelude e ol lowing:

GO Fach eclement mast have . contral ling document on

mirerials and processes stai ing the specitivations and standards to

Bbe umed, Mhere is oa drawing review and sien-ort by a materials’

Cuvitie e,
Mutevials testing aod "al lowalles" dte covered Iy
GO Plammmabi tioy, odon ooMLeasm Iy 1 NARY NHE R0, ],

Y Thermal~vacuum stabi by in NASN SP-R-00

WY osEpecial tests o as Aapptoved bvoase vliete e is 1elt

Lists




that they are required to assure materials compatibility within the
context of their use,

(d) ASTM test methods are applied as required,

(e) MIL Handbook No. 5, 17, 23.

Material selection lists are developed based on experience and
known material compatibility with specific environments, There are
alse fracture control and material control plans. Each element con-
tractor has developed its own metals/nonmetals/processed which have been
reviewed by and approved by NASA,

The Space Division, Rockwell International Corporation, as the
Shuttle system contractor, has developed a4 materials' tracking and con-
trol system called "MATCO." While they do not control the use of
materials on the Shuttle elements, they do bring material usage which
they feel falls outside the set requirements to the attention of the
NASA/JSC project office for further action. 1In addition, materials-
conscious personnel participate in the Panel and working group activities
as well as in the reviews conducted on Shuttle elements and subsystems.
The Panel will continue to review this question of decision making on
materials' acceprance during future reviews at various contractor and
NAS A sites,

The "MATCO" system noted above contains pertinent data on both
metals and non-metals, pgencrates material selection lists, contains

usape data on --~ vhat materials are used, where used, quantity, re-
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suits of usage evaluation, deviation status where there is a deviation
from accepted use, and {inally the system generates output reports to
permit certification of the acceptability for a given configuration
usage.

The "MATCO" system on the Orbiter has been implemented since the
first drawing release. Associate contractors for other elements of
the Shuttle program are currently cencoding the data and it is
expected that element contractor data outputs may start about January
1976. Payload coverage is under discussion at this time.

4.8 Failure Mode and Eifects Analysis (I'MEA)

Elements of the Shuttle system and the intertaces beteen elements
are subjected to detailed FMEA's. in additvion to the FMEA documents
there are Critical Ttems Lists (C1L's), Hazards Lists, shuttle Hazard
Analyses forms (SHA'8), and Satety Analysis Reports (SAR's). Taken
together they provide a systematic means of assuring nothing, in so [ar
as possible, "falls into the crack.” They provide tor early identi-
Lication and resolution of potential problem arecas, suppoert design
reviews, provide managemenl visibility, and establishes a documented
baseline to tacilitate hazard/risk/safety problem resolution. In
addition this work p ovides a basis tor establishing mandatory
test and Inspection points under the Quality Control Program and
provides valuable input lor the maintainability program tor Shuttle,

The priority or level of criticality number syslem bs in ouse,
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as it has been in prior manned programs. The listing is provided for

information:
Criticality Category Definiticn (Potential Effect)

1 . Loss of life or vehicle, including loss
or injury to the public.

2 Loss of mission, including post-launch
abort and launch delay sufficient to
cause mission scrub.

3 All others (structural or TPS type
elements are not c¢lassified in any of
these above categories if they meet the
margin of safety requirements).

31 Criticalicty 3 items which meet one or

more of the following categories:

(a) Redundant elements are not cap-
able ol checkout during normal turn-
around.

(b) Loss of a redundant element is
not readily detectable in tlight.

(¢} All redundant cvlements can be

lost by a single credible event or cause.
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2.0 TEST PROGRAMS

5.1 Verification Plans

A Shuttle Master Verification Plan (JSC 07700-10-MVP-01 Rev. A)
estavlishes the requirements and plans to certify the Shuttle system
ready for operational use., Since much of the program's confidence
will be based on test requirements and resules, the Panel has reviewed
the evolution of the ground and [light test program including the im-~
pact on crew safety of changes in requirements.

5.2 Ground Tests

In most ot the preceding sections of this report there have been
discussions of test programs as thev applied to the specific develop-
ment of subsystem components, such as the tiles for the Orbiter Thermal
Protection Subsystem. The pround tests discussed here are those termed
"major ground tests." Such tests involve a combination of system
clements and complex facilities, The ma jor ground test propgrams are
out lined in Figure 55,

The pround vibration test program verifies load, vibration,
lutter, and tlight contral svatem analvsis,  Vibration testing is
pertormed on a one-quarter scale Shattle model and on the liquid
oxyren tank portion of the External Tank. The rirst Orbiter will also
e subjected to a horicontal vibration test at the Palmdale Assembly

Facility as a part of the vehicle checkout.  The miajer taull scale
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Space Shuttle vertical vibration tests are planued to be casried out
at the Marshall Space Flight Center to atudy the vibration modes of
the total assembled Space Shuttle vehicle. Recent changes in the
ground vibration test (GVT or MGVT) include:

(a) Deletion of component ground vibration tests on the Orbiter
wing, Orbiter vertical fin, and other components.

(b) Delay of the quarter-scale model testing for six-months.

(¢) Compression of the mated vertical ground vibration tests
to a six months time period.

The vibro-acoustic test program verifies the predictions about
the dynamic response of the structure and internally mounted equip-~
ment to englne noise and vibration, aerodynamic buffeting and aero-
dynamic noise. Wind tunnel tests of models have been used to de-
termine the aerodynamic noise pressure levels, Scale model tests
of the total Shuttle stack are being used to predict the launch en-
vironment and its impact. Full scale tests of a major segment of
the Orbiter are to be conducted in the vibro-acoustic test facility at
JSC, Recent changes in this test program include the deletion of the
forward fuselage vibro-acoustic test.

The Main Propulsion System tesl program uses the three main
engines mounted on a simulated alt section of the Orbiter, together
with the External Tank, and includes all necessary plumbing and con-

trols. POGO suppression hardware will be supplied for installation as
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the tests progress to substantiate the technique used to auppress

the longitudinal vibrations peculiar to POGO. Thease propulsion tests
will also provide additional vibration and acoustics information,

Recent test program changes include the deletion of the vertical

firing attitude, deletion of flight disconnects from the "T-0 Umbilical"
and an increase in firings from 14 to 15.

The Orbiter avionics components and their related software and
hardware interfaces will be tested at the Rockwell International
Space Division's Avionics Development Laboratory. The Avionics
Development Laboratory is an engineering tool with emphasis on de-
velopment support, subsystem evaluation and initial hardware inte-
gration. Test results are aimed at:

(@) Demonstrating line replaceable unit tunctions for all
those picces of hardware that fit that category.

(b) Developing the single-string data processing system
functions.

(c) Avionics compatibility with automatic ground checkout
equipment.

(d) Propressive testing and combining of subsystems until
they simulate a {lipght control system with computer inputs and control
avtuator outputs,

The Shuttle Avionics Intepgration Laboratory (SAIL) established

At I8¢ will conduct aviounics systems integrated testing in support of
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the Approach and Landing Tests (ALT), Vertical Flight Tests (VFT),

and operational misslon phases., Integrated testing includes both
open~loop and closed-loop testing. Open-loop testing will integrate
and verify the avionics system compatibility and redundancy manage~
ment techniques; closed-loop testing will integrate the avionics
hardware and software systems and verify that they are capable of
performing each flight phase of the mission. Thus the SAIL is a central
facility where the avionics and related hardware (or simulations of the
hardware), on-board ground support software, flight sofiware, flight
procedures, and associatc ! GSE will be fully integrated aund verifi-
cation tested, Tigure 56 shows the Shuttle avionics systems which are
to be tested on SAIL.

Another facility supporting the avionics test program is the Soft-
ware Development Laboratory (SDL). The purpose of this facility is to
accomplish flight software development and flight software independent
verification.

Static structural tests are planned for major structures on all
Shuttle elemenis. A tull-sized Orbiter airframe structural test
article (STA) will be tested at Palmdale to determine if it can with-
stand the desipn limit and ultimate loads, In addition, it will be
subjvc.ed to fatigue locading up to 400 cycles to assure structural
integrity. An Orbiter crew module test article, which is the pressur-

Leed crow compartment gsegmeut ol the Orbiter, will be tested in a
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manner simlilar to the sctatie rear article mentioned above,

The External Tank structural program includes a structural
test article considting of {lipght-type liquid oxygen and liquid
hydrogen tanks and intertank, Tests will be conducted tu verify
structural integrity at limic and ultimate loadg and to determine
the liquid oxypen tank model characteristics necessary to deter-
mining the all-up Shuttle vehicle structural characteristics.

Solid Rocket Booster and Solid Rocket Motor structural tests
will be vonducted, as will hot tirinps to verify their structural
integrity, support development of the rocket motor case and verify
ballistic perfermance.

Recent test program changes have deferred the erew module
structural test, deferred the airtrame structural test, eliminated one
intertank structural test article trom the External Tank program, de-
terred the Solid Rockel Booster structural test and deleved the booster
lirst development tiring.

The Orbiter thermal vacuum test programs on the forward luselage, aft
fuselape, and OMS/RCS pod have been deleted.  The impact of deleting the
major pround thermal vacuum test has been subject Lo studvy by both J0S
atd Rockwell International over the past tew months.  The following
rogults stem trom these stadies but must be consfdered in light ot
additional more detailed work now in progress:

(1Y Tthere is an obvious requurement tor 1light test dasa,
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(b) There will be no off-limit or of f-pominal testing to any
degree.,

(c¢) There will he no physical pre~f1ight data on temperature
effect of subsystem operation on the integrated vehicle.

{(d) There will be some restructucing of the certification/
validation program to include additional component anc subsystem testing.

(e) Requirements for additional develoraent flight and op~
erational -iight insirumentation requirements will have to be determined.

(f) Mission planning will have to pay more attention, in the
early flights, to beta angle variations, time required for temperature
stabilization.

(g) Conservative attitude constraints will bu necessary on
the early orbital flights.
Test article fidelity has always beer a problem in extrapolating model
tests and full size ground tests up to the actual flight hardware and
how 1t operates in its real environment. The ability to extrapolate
from ground test activities to flight operations depends upon the degree
to which the test articles resemble the flight articles. A Flight
Readiness Firing test (FRF) will functionally verify the Integrated
shuttle system vehiele, launch complex and operating procedures and thus
demonstrate the matwrity and readiness of the shuttle system for first
manned vertical flight.

The Solid Rocket Booster/External Tank separatfon syatem test and

the Orbiter/External Tank Separation tests are two major tests deferred
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to flight test program. The verif'ication logic 18 shown In {igure 57,
The panel Las mwade a point of repeatedly asking 1f data were heling losat
from ground teats that would be paeful to our basis ot confidence 1n
crew safety during early flights.

The answers given were: "No teuts are bhelng conducted during the
Approach and Landing Test and Orbital Plight Test programs which affect
crew sataty that have no counterpart in the ground tent program. . . .
All elements and mancuvers of the {flight test program have counterparts
in either ground tests, simulations, or analysis."

5,3 Flight Test Program

The flight test program has two major subdivisions: The Approach
and Landing Test Program (ALT) and the Orbital Flight Tests (OFT). These
fiight tests complement the ground test program described previously and
the ALT is planned to commence in mid-1977 using the Boeing 747 carrier

aireraft, and the OFT is planned to commence in mid-1979.

5.9.1 Approach and Landing Test Trogram (ALT)

The Orbiter vehicle 101 (the first off the line) is the primary
vehicie planned for the ALT and is configured to include the equipment
necessary to evaluate vehicle approach, landing and deceleration re-
quitements dictated by the terminal phase of the operational mission,
The dosign of Orbiter 101 is such that minimum modifications are re-
quired to convert {t to the operational configuration.

The ALT program is designed to progress from test conditions that




provide the greatest margins of safety to test conditions duplicating
those expected on the first Orbital Flight Test landing. The ALT pro-
gram is comprised of two flight test phases:

Phase 1 ~ Inert Orbiter/747 mated tests to verify satisfactory
airworthiness of mated vehicles for supporting orbicer free flight tests.

Phase 2 - Manned Orbiter captive flights tc develop Orbiter release
profile and Orbiter free fiight and landing data.

During ALT the Orbiter is flown without any propulsive power. With
the current capabilities of the Orbiter/747 combination, the maximum
attainable altitude appears to be scmewhat less than 28,000 feet, and
with the loss in altitude which is said to occur during the release
period the Orbiter would appear to be in free-flight starting at aboul
20,000 to 24,000 feet. These tests are to be conducted in the area
surrounding the Flight Research Center, Edwards, California.

The status of the two phase ALT test plan 1s:

PHASE 1 -

(a) The extent of the initial Taxi tests of the mated
Orbiter/747 at Palmdale has not been fully defined as yet.

(b) The planning for ALT is being cone by FRC, Rockwell and
Boeing. Th.v will define the requirements under the review of the
Orbiter Project Office at JSC. These requirements will appear in the
Approach and Landing Test Requirements Document. The actual flight tests

necded to meet these requirements will then be developed by the same team.
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They will appear in the ALT Mission Objectives Bocum-nt,

(¢} The actual test program will be constructed in a manner
that will permit the achievement of objectives to get to the manned
Orbiter release point with a minimu. number of flights and flight hours.

(d) The ALT manager ls from JSC and the assistant manager is
from the FRC. The tests are conducted for the ALT manager by the FRC
flight test team and during these operations the FRC flight test control
room will be utilized to control the flights,

(e) The 747 test instrumentation system is designed and
installed by the same team. 1t will be compatible with the FRC test
control and data reduction facilities. Data reduction and analysis by
FRC Is conducted with JSC support and the same tapes and other data are
forwarded to JSC for their independent analysis,

(£) It is expected that during this phase of the program that
Ferry configuration flight tests will be conducted in parallel on a
non-interference basis,

PHASE 2 -

(4)  Phase 2 begins at the completion of the fnert Orbiter/747
testing, The current baseline consists of cleven Orbiter free flights,
starting with pilot-controlled landing serfes (5 iights); autoland
landing demonstration (3 flights) ) and findishing with welght /e, g,
cavelope Investigations {3 ilights).  These free-tlights are belog

structured to allow early termination of the program or o skip




Individual flights 1f teating shows the data are pot required, During
the inicial portion of this Phase, the manned Orbiter captive flights
are held to a minimum necessary to develop the releage (techniques).

(b) The flight test team is to he headed by a JSC test con-
ductor and comirised priucipally of Js¢ and Rockwell flight control
Personnel., The control of the flights will pe from the JSC control
room with a test liaison Broup stationed at FRC, It is expected that FRC
will supply experienced daerodynamic flight controllers to the JSC control
center,

\¢) The planning, including requirements and flight test
details, are established and developed by the NASA/Rockwel] team under
the auspices of the Orbiter Project Office at JSC, The free~-flight test
prograwm is developed specifically by the Flight Operation Division of
JSC and becomes a part of the ALT Mission Objectives Document,

The baseline flight test Program as provided to the Panel at the
time of its review and Inspection vigits shows 14 carrier/orbiter inert
flights; s carrierf/orbhiter active flights (o refine separation techniques
and to do integrated bystems testing, and 11 orbiter free-flights,

Table X111 1y 4 further explanation of the Orbiter Free Flight Program
at this time.

Given its special interest 1n the complex avionics system used on
the Orbiter the Panel asked a number of quest{ions regarding flight cop-

trol avionics support ot the AIT Program,  The mmny grouad tests cop-
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ducted prior cto flight will give a basis for confidence in the avionics
subsystems used on the ALT program. 1n addition, the orbiter will con-
tain an "all-up" fail operational/fail safe flight control avionics
subsystem with a dedicated backup flight control subsystem and a backup
air data nose boom system. At the same time the ground support group
will have the support of Shuttle Avionics Integrated Laboratory,
Software Development Laboratory, and the Avionics Development Laboratory
available.

5.3.2 Shuttle Training Aircraft

The Shuttle Training Aircraft is a Grumman Gulfstream II turbojet
aircraft modified to provide an inflight simulation of Orbiter perfor-
mance and flying rharacteristics in the Terminal Area Energy Operations.
The purpose of this training program using the modified Gulfstream II
i for pilot training and the development and verification of procedures.
The simulation system consists of a speclally constructed and programmued
simulation computer and necessary inertial sensor systems. The displays,
controls, radio, navigation systems are essentially Orbiter Hardware.

The simulation capability is as follows:

(a) Altitude - 43,000 feet to simulated touchdown

(b) Airspeed maximum of 350 knots or Mach number of G.8

{¢) Pavload of 5600 pounds

(d) Orbiter modes simulation for automatic landing systems/control

stick steerlng and backup systems
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(e) Turbulence and wind conditions expected to apply to Orbiter
operations

5.3.3 Orbital Flight Tests

The culmination of the flight test program occurs with the manned
Orbital flight, a program currently encompasgsing a sequence of six manned
flights. The first orbital flight is designed to be short and benign
to demonstrate basic flight worthiness. A decision was reached by senior
NASA management to proceed with the design and development ot the manned
first flight only after prolonged and detailed study of the manned versus
unmanned options. A review of the decision will be conducted cighteen
months prior to the first orbital flight. A summary of the manned vs.
unmanned study provided to the Panel is given below:

(a) Recovery ol the Orbiter on «very flight is required for
orderly continuation of the flight test program.

(b) Flight expericnce shows many cases where the preseuce of
crew saved the mission from fallure,

{c)} The crew role in the shuttle is fdentical to that in
aircraft and spacecraft test operatilons; however, crew capability in
some arcas of the shuttle design conecerns is very limited.

(d) Manned landlngs can be made at alternate sites in the
event of dispersed entry conditions or antemacle svstem fatlure,  Capa-
bility of crew (o deal with contingencies provides greater safety tor

the population in the landing area.
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(e) The ground test program has been constructed to give
confidence that design concerns have been acceptably minimized prior to
th>» first orbital flight, manned or unmanned.

(f) Tailoring of the firat vertical flights to improve safety
margins will be accomplished as practical for either manned or unmanned
flight tests.

(8) Abort and ejection capabilities are consistent with
aerospace testing precedents, that is they cover many but probably not
all foreseeable failure possibilities.

(h) Commitment to unmanned flight implies a successful
Approach and Landing Test Autoland program as a prerequisite,

(1) Unmanned capability requirement can be reinstated later
if unforeseen circumstances demand.

The early development Orbital flights will be launched from the KSC
site and will land at Edwards Air Force Base. These flights are to be
under the control of the JSC Mission Control Center once ‘ift off is
achieved. Depending upon the progress achieved in the early flights,
there is a good chance that the fifth or sixth flight will both launch
and land at the KSC site.

The contingency planning and design for abort conditions during the
flight test program will continue to be of great interest to the Panel.
This 18 true for both the Orbital and ALT programs. The Panel, for
instance, is interested in plans to assure that requirements of abort

operations and system capabilities are compatible.
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6.0 SYSTEMS INTEGRATION

General Obijcctives

The management of the integration effort has been covered in

earlier sections of this report. Thia section is meant to identify

the technical challenges of integrating the elements at this point

in the Panel's reviaw.

An example of the many technical areas that must be managed to

agsure that the Shuttle elements work together are:

Flight Performance

Load and Structural Dynamics
Flight Control

Integrated Avionics
Integrated Propulsion/Fluids
Mechanical Systems

Ground Operations

Major Integrated Ground Teats
Computer Systems and Software
Systems Engineering

Safety, Reliability and Quality Assurance

Payioad Accommodations

The Main Propulsion System i3 used here to illustrate the complexity

form gingle cnd=to~cend integrated systems.

of the relationships between components found in various elements which

by the Panel include clectrical system and avionics system,
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- 6,2 Syateas Intepration Challengues
nd Some of the challenges the program must resolve on the Space
—3

Shuttle System are:
Flight Performance Marpins
Induced Loads
Tee/Frozt Shedding
SRB/ET/Orbiter Separacion
POGO Suppression

Forebody drag

i
>
-

Many of these challenges have been discussed in the section of the
report on the various program elements.
6. Operations

The Orbiter is designed to carry a crew of up to seven including
crew and scientific personnel. On a standard mission, the Orbiter can
remain in orbit tor seven days. While it is planned that an Orbiter
would be readied for another flight in fourteen calendar days, the
Shuttle can be readied lor a rescuce mission launch from a standby
status within twonty-tour hours aiter notification, For emergency
rescue, the cabin can accommodate as many as ten persons so that all
the occupants ot a disabled Orbiter could be rescued,

Space Shuttle operations consist of four basic phases:

(1) Litt-olr to orbit insertion

(b) On-orhit operations
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(¢) Inv-orbic to landing
(d) Ground turnaround to prepare for the next flight
Operational constraints have been discussed in previcus por=
tions of thia report under each of the elements of the Shuttle system

as well as in cthe reliability, quality and safety sections, The Pan-

el's interest continues to focus upon the ability of the nominally
designed hardware to meet the contingency situations which can occur
during flight test and operational phases of the program. We will
monitor the evolution of the launch rules and the mission rules gov-
erning both test and operational flights. We will also monitor such
safety challenges as (a) intact abort capability, (b) contingency
abort capability, (c¢) payload accommodations, (d) day and night oper-
ations, (e) mission control center requirements, (f) post landing
thermal conditioning, and (g) EVA operations.

0.4 Main Propulsion System

The Main Propulsion System integrates the Space Shuttle Main
Engine (SSME), External Tank (ET), and the intercomnecting plumbing
and contruls within the body of the Urtbiter, The subsystems that
make up the main propulsion system are:

(@) Propellant teed
(b)  Propellant rill and drain
(¢} Fngine prestart propellant conditioning

(1) T pressurication and prepressurication
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(¢) Helium srorape and distrieution

() Propellant management

() SSME GN, purge using pround supply

(h) POGO suppreasion

(1) FElectrical instrumentation, controls, and diaplays
A schematic of this system is shown in Figure 58, The selected
POGO suppressor system is shown in Figure 59 and the workings of the
POGO Integration Panel are shown in Figure 60.

The Main Propulsion System has been designed to meet the fafl-

safe criteria. Thus, for example, loss of one main engine during
ascent would still permit the crew to abort a Mission 3A as follows:

0-250 sceonds oo e suborbital powered return to
launch site

250=330 scconds ...asee.a0. abort once around
130 - main engine cutot! ... mission completion
shutdown ot two ol the main engines will result in loss ol
the Orbiter Jor a majority of mission phases during the oscent,
Prevalves, till valves, and disconnect valves are all designed
to remain in the last actuated position, in the cvent ol loss of
pneumat ic pressure to the valve actuator, or loss vl vlecerical
power to the controlling solenoid valves. Pneumatic pressure is
continuously applicd to these valves during their critical function

period, to turther assure their remaining in the desived position,
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6.0 Humnary

‘the Pancel has cxamfocd o porcion of the ¢fforts conducted in
Inteprating e total shuttle system during the past reporting period,
With the completion o1 the Proliminary Design Reviews for eiach of the
elements amd the Space Shuttle System, the Panel can betier under-
Lake o review ol the inteprated systems which cross over element in-
terlaces such as the electrical system, and the meationed Main Pro-

pulsion System.

187




7,0 APPENDIX

7.1 PAREL ANTHORETY

The Acvospace Salely Advisory Pancl was eatablished under Section b
of the National Adereonautics and Space Adminiatat fon Authorisation Act,
1968 (P1. 90=-67, 90th Congpressd, A1 stat, led, 170). in addition, the
panel has been rechartered pursuant Lo Sect ton 14 () o1 the Foderal
Advigory Commi! tee Act, (PL9r-a0h, Oetober O, 1972y,  The dutics ol
the Panel are sel lorth in both ihe 1908 Act and in NASA Manapowwent
Instruction 1156, L4A dated January 14, 1973 "The panel shall review
sarety studies and opevat Lons plans petorred Lo it and shall make ro-
ports thercvon, shall advise the Mdministrator with respeet Lo the hasards
ol proposed or existing tacilities and proposed operal jons and with te-
sncel to the adeguitey ot proposcd or exist ing satety sUnmdards, amd
shall pertform such other dut (esoas the Administrator may request L

over the years the Panel has evelved its role Lo inelude not only
salety per sv, but has included mission success as d congideration that
it should be concerned with, as well s crew ov public satelr. We leel

ad their management

*

that this broader consideration ot the pronrans

pives us more cont fdence in the move Pimited arca ot sialely alone.

]
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7.2 PANEL ACTIVIT]

nuary 1h, 1074 MDAC-Ease Role in Shart 1e Program MDAC 5 t, toulsn,
Orpanizat fon Misgouri
thrbital Maneavering Sysatem
Hasebine, Schedale, Status
Integration ot Pod Inte Orbltope
Reactjon Contrel System Requirements

Foebruary M, 1974 Pragran N.’ln.‘l}',l’l‘?*i Top View J5C=1ougl on
TS Development Statas
Syslemd fonlepgrat fon Manapoment
Man=in=The=lLoap
Ferry Mode
Preliminary Desipn Review Results

Mty 13=14, 1974 The Exteroal Tank Program, Overall View Michoud Assembly
KT Baseline Blant, 1A
Desipn Propram
InLertaces
Major issucs and their proposcd

resolut ion,
Lightuing Protection Desipn
Transportal ion
Strucltural Test Program
Reliability, ouality Assurance and Safety
Subcont ractor propram
MSFC Management ol the Lxternal Tank Propram

June S-6, 1974 SSME tnarterly Reviow MSFC,Huntsvil e
S5MF Contlroller discussions
Tuly to=-F7, 1973 Space Shattle Main Fagine Controtler Honeywel 1T, Acro-
Pracres Overyiew Space Div., FIA

Responsibilities, Role, Organization
Controller Technical Descriptrion

Compuler Proveam Overviow

Plated wire Memory theory

Memory stractare bui ld-up

l Fechnical Review---in depth

, Desivn Control and Confivurat ion Management

Prodoct jon and rocuroment

L 1Y

Sumery States

MSTPC Manaverent of SSME Controltler Program
Avoast =30 vy Five 0S Provram Ovorvice cnd 180 My, AMES, CA
Ames! Sttt e pebated provrams Fockheed, CA

Aves ! anaeemear Aporoacn aud iMplene ntation
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{ Paned Activicies continued:

W LU AR T T T e e e

Soptombe:r 106-17,

etaber 15, 1974

Pty O, 1975

1974

TS materviala and tile eanfigorat ion program

Curvent and motected facilfrien and thedr
application to the TPy

FIS acro=poife clieels proyram

Defindtion of TIPS acro=heal ing environment
and other envirommental erffects,

Rockwe L Subcontract to Lockheod and low
il is maniyed

Tile Program, lockheed

Oryganlzation, personncl, responsibilil foy

Tile matevials and  processcs

Tile Product ion

Tile testing

Tile R and QA

Current SLats

Current sipniticant problems and (heir
resolubions,

R1 System junleprat jon Conlractor Role Rl/l)ownvy, CA
Commmomality

Svatem Sarely

System Integral ion Challenges

Tour oi Facilities and Mockups

Orbiter Thermal Protection System

SSME Mrovram updat o

ISTH Program Status

Combustion devices status
Furbomachinery Devices statsus
Engine gystoems and controls staltus
Conlroller status

Orbiter Approach and Landing Test Propram JSC/Hous ton
Ferrv operat ions

Manned vs. Comanned

External Tank disposal atter Flight

Space Shuttle Flight Fest Proeeam

Abort/Continyvency operations and their fmapact

Space Shutt be odate ol Status Report JsC Mousten
Approach and Tanding Fest, PBR results
Avionics amd thediv manapement
vnteement and Disection o Svstems Intearation
MAFC Space Shatt e Sorvey aad Major Manasement
amd Fechnical Chal leppes

Mafu Fneime, External Tank, SRE, arbiter
Provram Revisions under act ive vongidevat jon
Carrent stalas
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March 3, 1975

April 7-8, 1975

KSC Space Shuttle Planning KSC, Florida
KSC Reles and Responsibilitics
- QOperations, Maintenance,
Sustaining Engineering
XSC Organizational Relationships
- Overall Organization
~ Intercenter Relationships
- Participation in Panels,
Working Groups, Task Teams
- Contracting Philosophy
- Manpower planning
Experience levels, skill retention,

skill mix.
Overview of Ground Operational Tasks
= Shuttle

- Payloads (offline)
Documentation and Control
Facility and GSE Overview
- Types and KSC effort/Responsiblity
- KSC facility baseline/current
status/ problems
- Test Facilities/Plans/Schedules
- Llaunch Preparation System
System Operation
Software Validation/Test/Use of SAIL
KSC Operational Flow
= Ground turnaround
Allocation vs. Assessment
STAG/Control
- Payloads, online
Summary of KSC Shuttle operations

Space Shuttle Systems (MSFC Elements) MSFC, Alabama
- POGO Prevention Planning and
implementation
- MSFC Integration Activities
- MSFC Change Processing
- MSFC Systems Tests
Single Failure Poiut Designs
Solid Rocket Booster Project
- Description and Status
- Integration
~ Recovery/Retrieval
- SRM
External Tank Project
Description/schedules/cost highlights
Top Problems/Sepcial Topics
Procurement and Manufacturing st&tus and problems
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May 5-6, 1975

S8ME Project
= QOvervicy
- Tntegrated Syatem Test Bed (ISTR) Plan/Status
- Controller status
= liydraulic Fluild Status
= Fabrication Leavning
= Heat Exchanger
~ Ground Operations Plauning

MSFC Summary

Shuttle Assessment of Technical and Management R1I/CA
challenges

Thermal Protection System Review

Hazard Analysis and Risk Asscesment

Mechanical Ilinges, Gear Boxwes, and Doors

System Hazards associated with asymmetrical

thrust of SRB's

Procedures/tround Rules to Alleviate System Faflures
Hazradous Gas Detection System

Level 1T Interfaces

Material Usapge and Control

Raunpe Safety

Ground and Flight Test Programs

POGO Prevention

Lightning besign and Protoection

SA1L

192




7.1 RESPONSE TO PANEL'S 1974 ANNUAL REPORT

NATIONAL AERONALITICS AND SPACE ADMINISTRATION

WasH L GIoR, YU Ohdb

RERLY 1O MAY 23 1474
ATIN oF MO

MEMORANDUM

TO: AA/Associate Administrator

FROM: M/Associate Aduinistrator for Manned Space Flight

SUBJLECT: Annual Report of the Aerospace Safety Advisory
Pancl (ASADP)

The Annual Report of the Acrospace Safety Advisorny Pancl
has been distributed to cach of the MSF Centers and Progran
Dircctors fov their careful review. The Progiam Directors
have cach coordinated responsces to their pertinent items

in the report and these detailed responses are attached.

Significant responsces from the ASTP office relate to
Volume II of the veport, pages 3-9, items 1 through 11,
They describe a continuing strong program management con=
copt with emphasis on enhancement of personnel motivation
and tradninag,  The Panel's concern over Lhe need for formal
reviows ia boeing mel by monthly joint reviews and bi-woeckly
Lelecons between the UL5, and Soviet Technical Divectors
and their staffs. Oualification test data reviews are
heing continuously hold to assure a roady-to=go status.,
Language training is progressing well on both sides and a
recont erew Lraining exercise in Houston accomplishoed a
compiete transter in both Pnglish and Russian,  FMEA's
have beoen comploted for all systems of the CSM and DY/
docking system, The Mission Control Center Interaetion
Plan is in excellent shape and both countries plan a team
ol oxperts in cach other's control room Lo assist cach
Flight Divector,  dission sinalations are continuimg with
hoth .8, and Sovicet croews pavticipating in cach other's
facilitica, DPMtovt is conlbinuing on tracvking failures or
inadvertent opervat tons which could alfect the other ¢rew
o spacecralt, Tt ois planned Lo improve communications by
nsing ATs-1 but no contingency cction is planned if it s
not available,  Stadan provides the primnary communicat ions
coveraqe atd exceods Che minimon requirement s for ASTE,
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Finally, in respon o to the fanel s ogquestion on sneak
civevit oand tault curreny analyaes, these ave bheing
accomplished on both the ¢8M and DM/Adocking syitem,

The Pancel oxpressed o strong vecommendat fon that 1 he
Shylab expericence be atilized to the maximum deagree
posmible on curvent programs,. Shylab has almost cone
pleted the publication of a4 sevies ot "Lessons bearned®

document s, My olffice, on Mareh 12, 19740, Tovied an

action item on ocach Progrvam Orlice to veview Lhese docu-s
ment s oand veport back to me on dmolementat ton o these
"losnons learned,” 1 will make these responses available

to the Pancel upon their veeeipt. -
Signiticant vesponses trom Lhe Space Shutile Oftice vrelate
to Volume 1, paaes 12 throuagh e, and Volume 1L, paaes 19,

My, sbd and A4S theoagh 47, in the arva ot the Panel s
concern about intearvation activities of Rockwell, Jd8d has
diven a task Lo the contractor to Teok al sepavating their
integratios function trom the Orbiter task (due May 3) .
Iy the arca ol subeont ractor vendor control, Rockwell ig
rewriting their Procurement Manaadement Plan witlh a bew
empluazis on commonal ity manaaenent  (expected by dune 1974,
I respense to the concern with weiaht countrvol, a combin-
ation cttort of strict welanl contrel measure:s, a4 specitie
Orbviter weitahl veduction activity, and g series ol overall
woelght and pertormancee trade-oflbs ave being parsued. i

Che avea ol aborl regquiirement s, continuinag attent ion s
Deing paaid to determine abort capabilitices tor the varvious
minsion phases tor the desian which is evolving tvom the
driving requitement s of operational uses, o The Paneld
cxpresned concern o in fhe Avionies area because they telt

that the svstem:s were on the Teading odae ol the state-ot-
the-art, The pespongse indicates that the pogran has a
atd e on the desion sotut fons, dpecitically, exporionee

on both hardware amd soltwate tor a Perlorimance Monitorving
Svstem has been gained al the Mission Control denter,

v i bpestent s baeziesd o Ehesae t‘.\;[‘t‘l‘it‘lh‘\‘!i witl b oxer -
cined to Loeep teauitement s manaeeab bes o s larvly, the
Antolamd Syvstem s boing very cavetol Ty dessigned ainag

the To tnroweted antomat te arsaoache:s and tandings with

Phe OV 990 0 o expeerienee bueee, A ne Baeimg used s

Sreviry o with A heir OV v pest proa i expet ionee,

aith o reaards tor The man-in e Toors versus anlomated
svedler, an approaach o ob wsine aubomat e tane b ions Por
evpensive and conbist ieated systorss witere el s seeoid
decisions are regquired ig being tollowed,  This i bovne
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out hy 717 aireratl use of Autoland for congistont low
tandings in all weather.  Twrnaround time i ob grealt con-
corn and is receiving full attention of a pancl working
with latest desian, logistic and maintainability informa-
tion as it becomes available,  The concorn about all-weather
capability is being worked hoth with regards to ot fects on
the P8 and on Avionies, 1t may be nocessary, howover, Lo
gacrilice some all-weather chavacteristics for thermal
characleristies on the TS, operational alternates are
available since chances of bad woather at both prime and
cont ingeney landing sites is vory low,  In addition, auto-
matic landing and overrun cquipment is being installed o
botter handle all weather problems,  On the SSME Controller, ™
the Panel had questioned the rcasons for not consideving a
magnetic core memory.  The vesponse lists a sories of

roasons for not using the core approach but also indicates
that an M8PC committee is reviewing the whote controltlor
development problem with a veport Lo JJse due on May 220, 1974, ¢
dhe Panel felt that test organizations at Rockwell were not
yot Tirmly cstablished.  Phis area has since been signifi-
cant 1y dimproved and st aflfed, including government roles Jand
rosponsibilitioes (or most ot the test sites,  on the TPS

the Panel corvect ly pointed out that major dosian issuos
inctude strain, isolation, adhesives, joints, Ths/Tuel

compat ibility, dynamic scals amd development of a 100-

mission lite coaling. In response, an ugp-to-date status

of development testing on cach ot these desian issues is
provided in the attached det ailed answers,  on Che 88ME, the
change ta Mil=1-83182 hydraul ic Cluidd caused sowe gquestions

on possible turther evaluation rogquired. T vesponse,
matoriats in contact with the tlhaid are being identitioed

and materials compatihility is being vevioewed {including

PO Lesting amd service expoericence). In addition, an
acceptance and desian veritication proavam in boeing

initiated o test SSME components and systoems with Mil-He
082 fluid.  The Panel also questioned whether the Ss8ik

flox line material was compat ible with oxyacen and not aul-

joct to hiydrogen ecmbaitttenent, This is a well-recounized
problem and the materials have boen solected accordinaly.,

The Panel pointed out the ditterent requirement s lor the

GUME combustion chamboer as compared Lo the d-0oeng ine,

The response indicates that Lhe Narloy mater Pl wan selected
tor hent meet the unigque requitemsents of hiah thermal cone
duetivity, high strenath and ductility, hiah metalhwmaical
stability and Lite characteristics, Abtthough the Paneld

nest pointed cut that the oplimom technique tor teent vy

has not been detined, the response imdicates hat muaeh
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vind tunnel data, (light simnialions, acrothermal dynamics
work, otc. which is in progress may eause many changes and
the technique may well have to be developed from opera-
tional phase expericnce.  The Manel also guestioned
adequacy of controls for qualifieation of "off{-the~shelf"
hardware., A special Level TT Dirvective was decmed
necossary to insure adequate controls and it is in the
final review/Zapproval cycle. PFinally, the Panel's concern
for offeclive measures to provent stress corrosion was
recognized carly by the Shuttle Program and is controlled
by a NASA materials and process specification, including

a contractor malkevials control and verification plan,
which incorporates material sign-off of drawings and
records of all deviations with rationale for each.

n conclusion, 1 would like to thank the Pancl for its
thovouygh and excellent report and assurce them that their
thoughtful questions are continuing to provide an excellent
checklist For our program management function.

,r."- n .’j/ __/( o
~ Py .o 7,/(‘,!(. “(/f
_ , ~f
John F. Yardlcy

Attachments
as stated
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Kl _1058.7/8P

O:tobeyr 10, 1874

- Etlaciive Date

JOHN F. KENNEDY SPACE CENTER, NASA
MANAGEMENT INSTRUCTION

7.4 KSC/MSFC MIMO OF UNDERSTANDING

SUBJECT KSC/MSFC MEMORANDUM OF UNDERSTANDING FOR

SHUTTLE EXTERNAL TANK (ET) AND SOLID ROCKET
BOOSTER (SRB) SUPPORT EQUIPMENT -

1. PURPOSE

This Instruction incorporates into the KSC Issuance System a
Memorandum of Understanding between the John F. Kennedy Space
Center, NASA (KSC) and the George C. Marshall Space Flight .
Center (MSFC) for Shuttle External Tank (ET) and Solid Rocket
Booster (SRB) support equipment. This Memorandum astablishes
those items of support equipment for the Shuttle External Tank
and Solid Rocket Booster which will be the responsibility of KSC
and those items which will be the responsibility of MSFC.

. -
R. C. Hock
Acting Director of Executive Staff

Attachment:
A. Memorandum of Understanding

pistribution:
STDL-P
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ATTACUMENT A to
KMI 1058,7/8p

ET and SRB SUPPORT EQUIPMENT

MEMO OF UNDERSTANDING
7/16. 13

1. Support equipment has been defined in three categories:

Ground Support Equipment (GSE):

GSE consists of that equipment and associated software which is
required to check out, service, ha dle, provide access to, maintain
and safe the External Tank, and Solid Rocket Booster, their sub-
assemblies or other system elements at the launch and landing sites
only. Includes such items as:

o

o

Y

0

0

Y

Fixed facility access stands, horizontal and vertical
Facility support and storage stands

Purge and pressurant gas supplies and consoles
Ground ECS

Launch processing system and associated software
Launch site eleetrical and mechanical BME
Standard test equipment

Standard power supplies and battery GSE

Ground transportation prime mover

Facility Leak detectors

Speeial Test Fouipment (STE):

STE consists of that equipment and associated software which is
required to support checkout, development, and qualificaticn testing
of the External Tank, and Solid Rocket Booster, their subassemblies
or other elements during manufacturing bhuildup and development.,
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ATTACHMENT A 1o
KMI 1058,7/8p

Includes such items as:
0 Internal access platforms
o Special test cable kits and boxes

0 Other equipment with an intimate design interface with
the flight hardware

Transportation and Support Equipment (TSE):

TSE consists of that hardware which is required to transport,
handle, and maintain the External Tank and Solid Rocket Booster,
their system elements to and from the contractor's facilities other
government facilities, and to and from the launch site and landing
sites(s) exclusive of tooling used within the factory and commercial
conveyance equipment, Includes such items as:

o Transporter
0 LRU handling slings and dollies

2. The selected contractor will furnish all materials and services
to design develop, test, qualify, manufacture, assemble, check out,
and maintain the STE and TSE. Checkout and maintenance at the
launch site is excluded.

3. The contractor will identify those items of, and concepts for,
ET or SRB support equipment recommended for use at the launch site,

4. The contractor will analyze specified and poteatial launch site
requirements in the design of STE and TSE from a program cost
effectiveness viewpoint in order to maximize commonality, This
analysis shall show the design/cost savings or impact of commonality,

5, The contractor's incorporation of unique launch site requirements
in STE and TSE shall be approved by the NASA Project Office for
accomplishment under an existing ET or SRM procurement or shall
be accomplished through a supplemental contract arrangement
negotiated and managed by the launch site on a case-by case basis,
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ATTACHMENT A to
KMI 1008, 7/8P

6. The selection of comman equipment and the identification of launeh
site requirements will be the responsibility of KSC, The design and
development of this common equipment will be contralled by a co-
chairmanship of one KSC Support Equipment Manager and one MSFC
Manager appointed by the ET or SRB Project Manager, Neither of

the co-chairmen would have unilateral authority to proceed with indepen-
dent development or make changes to this Common support cquipment;
however, generally the MSFC Manager will be the leading clement with
the KSC Manager concurring in planned direction or changes. Both
Managers will have ready access to the contractor for day-to-day
technical discussions and problem resolution; however, the MSFC Manager
will initiate all formal direction of the contractor. I a disagreement
develops between the co-chairmen that could impede the progress of

the common equipment development, the matter will be immediately
brought to the attention of the appropriate Project or Projects Office
Managers at MSFC and KSC,

7. The design and development of 8T, TSE, and common support
equipment is included in the present E1 and SRM procurement; however,
the specific units of this cquipment that are required for sole use at the
launch site will be funded by KSG,

8, The design/procurement/fabrication of GSE is excluded from the
present E'T and SRM procurements antd will be covered under a separate
procurenient action to be negotiated, managed, and funded by the

launch site,

9, If, during the design or development of commaon usage support
cquipmoent, an item evolves to the point that it is no longer cost vffective
for the progran to maintain connmmon usage, then separate design/
development actions will be initiated,  From this point, the equipment
would be classified as STE, therceby placing it under sole MSFC manage-
ment and budget control; or as GSE, thereby placing it under sole KSC
management and budpet control,

Ay & L5,

", Gra Rot 14, Godf y
Manager, Shuttle Projects Office Manaper, Shuttle Projects Office
N T MBSO
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7.6 SPACE SHUTTLE _SYSTEM PRELIMINARY DES TGN REVIE

=

Ohjeet ives

The purpose o the S885-PDR is to conduct an end ta-end r view to
assure that the Space Shattle Svistem level requivements will be satis-
Fied by current hardware and sortware design and planning.  The systoem
level aspects of the element programs will be examined, including the
Orbiter, External Tank, Solid Rockel Booster, Space Shuttle Miin En-
vine, Payload Accommodations and Ground Systems. The objectiv s to
be accomplished during the PDR are to:

(@) Review the total Space Shuttle System destgr, inclua-
ing as required, individual clements, pavliead accomioddations and the
pround systems to assure compliance with Space Shuttle System require-
mente,

(Y weview current hardware and sottware design and pre-
dicted capability as compared with mission requirements.

(¢)  Review current desipns and plans apainst qualivy, ree
liability, maintainability and saloty requirements.

Revivw 1toms

At the PDR, the participants will be expected to review various
data whivlh deseribe the system desipn,  These data will inelude (1)
docament s (plans), () drawines and schematics, (3 manatactaring and

test Lavoul and tlows, and (Y other backeap data,
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Review Operatlions

Review Teams. The reviews will be accomplished by teams that

have the responsibility for reviewing assigned areas. A team cap-
tain has becn assigned to each of the major technical areas to be
revicwed. Fach team captain will be respcnsible to tﬁe review chair-
man for nominating the members of the team necessary to accomplish
an adequate review of his assigned area. Each review team should in-
clude the NASA technical area manager and support personmnel, flight
and ground operations personnel, project element representatives as
appropriate, and contractor representatives as required,

In accomplishing the review objectives, each team prepares Re-
view Item Dispositions (RID's) to describe significant discrepancies
and inconsistencies. Each team captain reviews all RID's generated
by his team to eliminate redundancies and duplicate RID's. The team
captain submits the team findings and recormended RID dispositions to
the review coordinator in the form of a team review packaging con-
sisting of (1) a set of team minutcs, and (2) all RID's written by the
team. The team captain has the overall responsibility for all activity
of his team and assure that all review ground rules and schedules are
melt. He prepares che appropriate response to cach RID and recommends
the dispusition to be taken.

Review Item Disposition (RID's)

R1D's shall be aubmitted to ‘he review control station as soon
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ag they are written to allow as much time as podaible jfor processing.
Fvery attempt will be made to vesolve problems via the review Leamd
during the team meetings.

]

dcroening Group, Pre-Board and Board Operations

Sercening Group., The scereenlip group will screen all RIP's sub-

mitted to avoid redundancy, duplicatfon, or other programmatic problems

that may be pencrated, This group will review the digposition of all
RID's and categorize them ror review by the pre-board.

Pre-Board. The pre-board will be responsible {or reviewing all
RID's, with primary emphasis on those {tems requiring turther de-
liberation or resolution. After the pre-board review, RID's of major
importance will be (orwvarded to the board tor finnl review and dis-
position,

Board. The boavd is the tinal dispositioning authority. All
RIM s of major fmportance to the program will be digpositioned al
this level., Board prosentations will consist ot project awmmarics
by cach project mamager and fndividual sumaries by the team leaders
ol review accomplistments, problems, matters ol siponittcant impor-

tanee anmd R s,

205




TABLE

JSC SYSTEMS INTEGRATION OVEICE FUNCT LONS

PRIME

ASCENT & ENTRY PERFORMANCE
LOADS & STRUCTURAL DYNAMIUS
FLICIT CONTROL

INTEGRATED AVIONTES

ENTEGRATED PROPULSTON & FLULDS
MECHANTCAL SYSTEMS

COMPUTER SYSTEMS AND SOFTWARE
SUPPORTING CTECHNOLOGY

MATERTALS & PROCESSES
GROUND SYSTEMS INTEGRATION
MAINTAINABLILITY

INTEGRATED LOGTSTIUS

TEST & VERTFICATTON

GSE REQUTREMENTS & ANALYS1S
MANUFAUCTURING

RELEABILLTY

PERFORMANCE & DESTGN SPECIFLCATLION SAFETY

FLIGHT PEST BEQU REMENTS
SYSTEMS  INFERFAUCLS

MANS PROPERTIES
SYSTEM/OPS DATA BOOKS
INUEGRATED SCHEMATIOS

GIIALETY ASSURANCE

SCA PROJECT MANAGEMENT

SCA ENGEINEERING AND INTEGRATION
SUA SYSTEMS

SN SYSTEMS SUPPORT

SUPPORE

ANCTLLARY HARDWARE REQUIRFMENTS
COMMONALLTTY

CHANGE  ASRESSMENT
CONFTGURATION MANAGEMENT

CHANGE  INTFOGRATTON
OPERATTONAL REQUEREMENTS
PESTUN REVIFWS

APPROACH & LANDIRNG FLIGIHE TEST
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4
[ TABLE 1t
t PANELS AND_WORKING GROUPS

PERFORMANCE MANAGEMENT PANEL
? CONFICURATTON MANAGEMENT SYSTEMS PANEL
MIC INTEGRATION PANEL
INFORMATLON MANAGEMENT SYSTEMS PANFL
INTEGRATED LOGISTICS WORKING GROUP
COST PER FLIGHT COMMITTEE
SCHEDULE/LOGIC INTEGRATION WORKING GROUP

TECHNICAL

SYSTEM INTERFACES PANEL
FLICHT PERFORMANCE PANE).
LOADS/ STRUCTURAL DYNAMICS PANEL
INTEGRATED PROPULSTION & FLUIDS PANEL
FLIGHT CONTROL SYSTEM PANEL
ORBIT & ENTRY FOS SUBPANEL
GUIDANCE NAVIGATION & CONTROL SYSTEMS SUBPANEL
ASUENT FUS/STRUCTURES SUBPANEL
INTEGRATED AVIONIUS PANEL
MECHANICAL SYSTEMS PANE]
SPACECRAFT SYSTEMS SUBPANEL
ALRURAFT SYSTEMS SUBPANEL
GROUND SYSTEMS INTEGRATION PANEL
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TARLE 1)

ROCKWELL INTERNATLONAL'S SYSTEMS INTEGRATION TASKS

SHUETLE PROGRAM DEFINTTION AND REQUITREMENTS
SYSTEM INTERFACE CONTROL

MASS PROPERTIES

FLIGHT SYSTEM DESIGN PERFORMANCE
GROUND OPERATIONS ANALYSIS

COST PER FLIGHT

INTEGRATED SCHEMATICS

MASTER MEASUREMENT 1L1ST

INTEGRATED VEHLCLE ANALYSLS
INTEGRATED GROUND TERST

CONFIGURAT TON MANAGEMENT

PROCRAM SCHEDULE

MANAGEMENT INFORMATION CENTERS
COMMONALLTY PROGRAM

LAGISTICS

GUALITY MANAGEMENT

SAFETY AND RELIABLLLTY

PREVLIGIHT AND FLIGHT TEST SUTPORT
INTERFACE TOOLENG

SYSTEMS MATFRIALS AND PROCESS CON'PROL,
PAYLOAD INTERFACE

MISSTON PLANNING

REPRESENTATIVES A FLEMFNT CONTRACTORS
SYSTFM LFVEFL WORKING GROUPS
REPRESENTATIVES AT NASA CENTFRS
SPECIAL STUMES

JOR
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TARLE WV

ORBITER OPERATIONAL MODES

Manual Direct

The crew manually controls the vehicle. No fecd-back cignals
{rom vehicle~motion sensors arce used for stabilization and contxol,
The croew's command signal is applicd to the appropriate force effec-
tor via the GNSC computer, Required compensation and logic for
effector selection are accomplished within the GN&C computer. Vo=
hicle~motion signals are displayed as required for crew operation.
Automatic GSN commands are inhibited.

Manual Command Augmentation

The crew manually controls the vehicle as in manual direct. How=-
over, ‘he crew's command is augmented by teedback signals from vehicle-
moLion sensors to improve responsce or aupment stability, or both. Re-
quired compensation and logic fov elffector selection are accomplished
within the GN&C computer. Vehicle-motion sipnals are displayed as re-
quired tor the crew. Automatic GaN commands are inhibited.

lold

the controlled vehicle parameter is held at the value existing
wlicn the hold function is engaged.  This relerence signal is not alter-
able by the automatic puidance system except by Jdisengagement and re-
cngayement of the hold function. The old funetion may be manually dis-
capaged by woving the associated manual hand controller tfrom the detent
position. Reengagemeat is accomplished by returning the hand controller
to the detent position.

selevt

The couatvolled vehicle parameter converpes to and holds the value
selected or prchlv::cd by the erew,

Automatic

Phe puidance tunction provides automatic control of the vehicle,
Manual command sipnals are inhibited amd cannot act to sum with or overs-
ride the autemat e conmands 1rom the puidance system, Vehicle mations
siptals ave displaved to permit crew monitoring ol the GAN function,

e crew has the option of manually eogaping or disengaging the auto-
wal e tunet ton,
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TABLE Vi

ATMOSPHERIC REVITALIZATION SUBSYSTEM

FUNCTIONS
CARBON DIOXIDE, ODOR, AND WATER VAPOR CONTROL INlPRESSURIZED CABIN
CABIN PRESSURE MAINTENANCE AND CONTROL
CABIN ATMOSPHERE THERMAL CONTROL
CABIN AND AFT SECTION AVIONICS THERMAL CONTROL

ATMOSPHERIC REVITALIZATION FOR HABITABLE PAYLOADS (WHEN REQUIRED)

DES IGN/PERFORMANCE REQUIREMENTS

MISSION
-~ NOMINAL: 42 MAN-DAYS
~ EXTRAVERICULAR ACTIVITY: 3 TWO-MAN PERIODS

- CONTINGENCTES: 16-MAN DAYS OR 1 CABIN REPRESSURIZATION
OR MAINTAIN PRESSURE WITH CABIN LEAK

- PERSONNEL (CREW/PASSENGERS)

:DESIGN OPERATION, 3 to 10
= CABIN :NORMAL, 3 to 7

:RESCUE, 6 te 10

9
- CABIN PRESSURE: 101,354 N/m~ (14.7 psia)
¥

= ATMOSPHERIC COMPOSITION: 21,374 N/m” (3.1 PSIA) OXYGEN:

1
794980 N/m  (11.f PSIA) NITROGEN
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TABLE VilI

TYPICAL CONTROLLER ELECTRONICS CARD FAILURE RATES

Nomenclature
Output electronics
Power supply
Input electronics

Computer interface
clectronics

Quantity
1

1

213

Failure Rate

(%/1000 hr,)

Percent of Controller
Fajilure Rate

0.597
0.455

0.310

0.208

1.7
1.3

0.88

0.59




TARLE 1X

CONTROLLER RELIABILITY JREDLCTION
————an naabtaal) RRIDICLION

Assembly

Input Electronics
Interface Electronics
Output Electronics

Power Supply and Chassis
DCU

Controller

214

Fajilure Rate
4 per 1000 hrs,
3.9

2.87

21.18

33.03

3,000 hours MTFF
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ALTITUDE, FT

TYPICAL ET ENTRY TRAJECTORIES

3
312% 10 FOR MISSION 3A
ENTRY CONDITIONS
4 1 @ = -130° PITCH RATE = 1.3*/SEC
2 @~ -130° PITCH RATE = 30°/SEC
3 1~ 130° PITCH RATE = -1.3°/SEC
a6 |-
1
258 o
200 |-
2 |-
4 —976 N. Ml
oo |-
18 |-
168 |-
150 ! 1 ! l ' L
32 3 & 4 52 57 62

SOUTH LATITUDE, DEG

1 i 1 i L

-640 -320 0 320 640
DOWN-RANGE ERROR FROM PRIME TARGET, N, ML,

Figure I8
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